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l r gifcla of Invention 

AMPLIFICATION AND DETECTION OF CAMPYLOBACTER 
JEJUNI AND CAMPYLOBACTER COLI 
2L. Claim 

i. An oligonucleotide consisting of a target binding sequence selected from the group consisting 
of the target binding sequences of AL46 (SEQ ID MO:l) ( AL44 (SEQ ID N0:2), AL42 (SEQ 
ID N0:3), of AR48 (SEQ ID N0:4), AR44 (SEQ TD N0;5) and AR42 (SEQ ID N0:6), and 
optionally, a sequence required for an amplification reaction. 



2. The oligonucleotide of claim 1 wherein the sequence required for the amplification reaction is a 
restriction endonuclease recognition site that is nicked by a restriction enconuclease during 
Strand Displacement Amplification. 

3. An oligonucleotide consisting of BL42 (SEQ ID N0:7) or BR42 (SEQ ID N0:8). 

4. An oligonucleotide selected from the group consisting of DL52 (SEQ ID N0:9), a nucleic acid 
complementary to SEQ ID N0:9, DR48 (SEQ ID NO: 10) and a nucleic acid complementary to 
SEQ1DNO:10 

5. A kit comprising: 

a) one or more primers selected from the group consisting of AL46 (SEQ ID N0:1), 
AL44 (SEQ ID N0:2) and AL42 (SEQ ID N0:3), 

b) one or more primers selected from the group consisting of AR48 (SEQ ID N0:4), 
AR44 (SEQ ID N0:5) and AR42 (SEQ ID N0:6), 

c) bumpers BL42 (SEQ ID NO;7) and BR42 (SEQ ID NO: 8), and 

d) one or more detectors selected from the group consisting of DL52 (SEQ ID N0:9), a 
nucleic acid complementary to SEQ ID N0:9, DR48 (SEQ ID NO: 10) and a nucleic acid 
complementary to SEQ rD NO: 30. 

6. A method for detecting the presence or absence of Campylobacter jejuni or C. coli in a sample, 
said method comprising the steps of: 

a) treating said sample using a pair of nucleic acid primers in a nucleic acid 
amplification reaction wherein a first primer is selected from the group consisting of AL46 
(SEQ ID NO:I), AL44 (SEQ ID NO:2) and AL42 (SEQ ID NO:3) and a second primer is 
selected from the group consisting of AR48 (SEQ ID NO:4)> AR44 (SEQ ID NO:S) and AR42 
(SEQ IDNO:6), and 

b) detecting any amplified nucleic acid product, 

wherein detection of amplified product indicates presence of C. jejuni and C, coli. 
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7. The method of claim 6 wherein detecting said amplified nucleic acid product is conducted by 
hybridizing said amplified nucleic acid product with a detector selected from the group 
consisting of DL52 (SEQ ID NO:^ a nucleic acid complementary to SEQ ID NQ:9, DR48 
(SEQ ID NO: 10) and a nucleic acid complementary to SEQ ID NO:10. 

8. The method of claim 6 wherein the amplification reaction, the detection or both the 
amplification reaction and the detection utilizes an electronic microarray. 

9. A method for amplifying a target nucleic acid sequence of the C. jejuni and C. coli sodB gene 
comprising: 

a) hybridizing to the nucleic acid 

i) a first amplification primer consisting of a target binding sequence selected 
from the group consisting of the target binding sequences of AL46 (SEQ ID NO.T), AL44 
(SEQ ID N0:2) and AL42 (SEQ ID N0:3), and, optionally, a sequence required for an 
amplification reaction, and 

u) a second amplification primer consisting of a target binding sequence 
selected from the group consisting of the target binding sequences of AR.48 (SEQ ID NO:4), 
AR44 (SEQ ID N0:5) and AR42 (SEQ ID N0:6), and, optionally, a sequence required for the 
amplification reaction, and; 

b) extending the hybridized .first and second amplification primers on the target nucleic 
acid sequence whereby the target nucleic acid sequence is amplified. 

10. The method of claim 9 further comprising detecting the amplified target nucleic acid by 
hybridization to a detector probe. 

11. The method of claim 1 0 wherein the detector probe consists of DL52 (SEQ ID NO:9) or DR48 
(SEQ .IP NO: ! 0) tagged with a detectable label. 

12. The method of claim 10 wherein the amplification reaction, the detection or both the 
amplification reaction and the detection utilizes an electronic microarray. 
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3. Pfitailed explanation of th« Invention 

5 

FIELD OF THE INVENTION 
The present invention relates to methods for determining the presence or absence of 
Campylobacter jejuni and C. coli in patients. The method involves using nucleic acid primers to 
amplify specifically the C. jejuni and C. coli superoxide dismutase (sodB) gene, preferably using 
10 one of the techniques of Strand Displacement Amplification (SDA), thermophilic Strand 
Displacement Amplification (tSDA) or fluorescent real time thermophilic Strand Displacement 
Amplification, and optionally using a microelectronic array. 

BACKGROUND OF THE INVENTION 

1 5 C. jejuni and G coli are recognized as important causes of acute diarrheal disease in 

humans throughout the world. Nucleic acid amplification is a powerful technology that allows 
rapid detection of specific target sequences. It is therefore a promising technology which allows 
rapid detection and identification of C, jejuni and C coli. The oligonucleotide primers of the 
present invention are applicable to nucleic acid amplification and detection of the C. jejuni- and 

20 C. co/i-specific regions of the superoxide dismutase (sodB) gene. The sodB gene is 
approximately 900 base pairs in size and is important in the survival of C jejuni and G coli in air 
and during infection. . 

The following terms are defined herein as follows: 

An amplification primer is a primer for amplification of a target sequence by extension of 
25 the primer after hybridization to the target sequence. Amplification primers are typically about 
10-75 nucleotides in length, preferably about 15-50 nucleotides in length. The total length of an 
amplification primer for SDA is typically about 25-50 nucleotides. The 3' end of an SDA 
amplification primer (the target binding sequence) hybridizes at the 3' end of the target sequence. 
The target binding sequence is about 10*25 nucleotides in length and confers hybridization 
30 specificity on the amplification primer. The SDA amplification primer further comprises a 
recognition site for a restriction endonuciease 5' to the target binding sequence. The recognition 
site is for a restriction endonuciease which will nick one strand of a DNA duplex when the 
recognition site is hcmimodifled, as described by G. Walker, et al. (1992. Proc. Natl Acad. Set 
USA 89;392~396 and 1992 Nuci Acids Res. 20:1691-1696). The nucleotides 5' to the restriction 
35 endonuciease recognition site (the "tail") function as a polymerase repriming site when the 



(21) 



4$B8 2000-316590 



remainder of the amplification primer is nicked and displaced during SDA. The repriming 
function of the tail nucleotides sustains the SDA reaction and allows synthesis of multiple 
amplicons from a single target molecule. The tail is typically about 1 0-25 nucleotides in length. 
Its length and sequence are generally not critical and can be routinely selected and modified. As 

5 the target binding sequence is the portion of a primer which determines its target-specificity, for 
amplification methods which do not require specialized sequences at the ends of the target the 
amplification primer generally consists essentially of only the target binding sequence. For 
example, amplification of a target sequence according to the invention using the Polymerase 
Chain Reaction (?CR) will employ amplification primers consisting of the target binding 

10 sequences of the amplification primers described herein. For amplification methods that require 
specialized sequences appended to the target other than the nickable restriction endonuclease 
recognition site and the tail of SDA (e.g., an RNA polymerase promoter for Self-Sustained 
Sequence Replication (3SR), Nucleic Acid Sequence-Based Amplification (NASBA) or the 
Transcription-Based Amplification System (TAS)), the required specialized sequence may be 

1 5 linked to the target binding sequence using routine methods for preparation of oligonucleotides 
without altering the hybridization specificity of the primer. 

A bumper primer or external primer is a primer used to displace primer extension 
products in isothermal amplification reactions. The bumper primer anneals to a target sequence 
upstream of the amplification primer such that extension of the bumper primer displaces the 

20 downstream amplification primerjinci its extension product. 

The terms target or target sequence refer to nucleic acid sequences to be amplified. These 
include the original nucleic acid sequence to be amplified, the complementary second strand of 
the original nucleic acid sequence to be amplified and either strand of a copy of the original 
sequence which is produced by the amplification reaction. These copies serve as amplifiable 

25 targets by virtue of the fact that they contain copies of the sequence to which the amplification 
primers hybridize. 

Copies of the target sequence which are generated during the amplification reaction are 
referred to as amplification products, amplimers or amplicons. 

The term extension product refers to the copy of a target sequence produced by 
30 hybridization of a primer and extension of the primer by polymerase using the target sequence as 
a template. 

The term species-specific refers to detection, amplification or oligonucleotide 
hybridization to a species of organism or a group of related species without substantial detection, 
amplification or oligonucleotide hybridization in other species of the same genus or species of a 
35 different genus. 
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The term assay probe refers io any oligonucleotide used to facilitate detection or 
identification of a nucleic acid. Detector probes, detector primers, capture probes, signal primers 
and reporter probes as described below are examples of assay probes. 

The term amplicon refers to the product of the amplification reaction generated through 

5 the extension of either or both of a pair of amplification primers. An amplicon may contain 
exponentially amplified nucleic acids if both primers utilized hybridize to a target sequence. 
Alternatively, amplicons may be generated by linear amplification if one of the primers utilized 
does not hybridize to the target sequence. Thus, this term is used generically herein and does not 
imply the presence of exponentially amplified nucleic acids. 

10 A microelectronic array (or electronic microarray) is a device with an array of 

electronically self-addressable microscopic locations. Each microscopic location contains an 
underlying working direct current (DC) micro-electrode supported by a substrate. The surface of 
each micro location has a permeation layer for the free transport of small counter-ions, and an 
attachment layer for the covalent coupling of specific binding entities. 

1 5 An array or matrix is an arrangement of locations on the device. The locations can be 

arranged in two dimensional arrays, three dimensional arrays, or other matrix formats. The 
number of locations can range from several to at least hundreds of thousands. 

Electronic addressing (or targeting) is the placement of charged molecules at specific test 
sites. Since DNA has a strong negative charge, it can be electronically moved to an area of 

20 positive charge. A test she -or arowof test sites on the microchip is electronically activated with 
a positive charge. A solution of DNA probes is introduced onto the microchip. The negatively 
charged probes rapidly move to the positively charged sites, where they concentrate and are 
chemically bound to that site. The microchip is then washed and another solution of distinct 
DNA probes can be added. Site by site, row by row, an array of specifically bound DNA probes 

25 can be assembled or addressed on the microchip. With the ability to electronically address 
capture probes to specific sites, the system allows the production of custom arrays through the 
placement of specific capture probes on a microchip. In this connection, the term "electronically 
addressable" refers to a capacity of a microchip to direct materials such as nucleic acids and 
enzymes and other amplification components from one position to another on the microchip by 

30 electronic biasing of the capture sites of the chip. u Electronic biasing" is intended to mean that 
the electronic charge at a capture site or another position on the microchip may be manipulated 
between a net positive and a net negative charge so that molecules in solution and in contact with 
the microchip may be directed toward or away from one position on the microchip or form one 
position to another. 
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Electronic concentration and hybridization uses electronics to move and concentrate 
target molecules to one or more test sites (or capture sites) on the microchip. The electronic 
concentration of sample DNA at each test site promotes rapid hybridization of sample DNA with 
complementary capture probes. In contrast to the passive hybridization process, the electronic 
5 concentration process has the distinct advantage of significantly accelerating the rate of 
hybridization. To remove any unbound or nonspecifically bound DNA from each site, the 
polarity or charge of the she is reversed to negative, thereby forcing any unbound or 
nonspecifically bound DNA back into solution away from the capture probes. In addition, since 
the test molecules are electronically concentrated over the test site, a lower concentration of 

JO target DNA molecules is required, thus reducing the time and labor otherwise required for pre- 
test sample preparation. The term "capture site" refers to a specific position on an electronically 
addressable microchip wherein electronic biasing is initiated and where molecules such as 
nucleic acid probes and target molecules are attracted or addressed by such biasing. 

Electronic stringency control is the reversal of electrical potential to remove unbound and 

15 nonspecifically bound DNA quickly and easily as part of the hybridization process. Electronic 
stringency provides quality control for the hybridization process and ensures that any bound pairs 
of DNA are truly complementary. The precision, control, and accuracy of platform technology, 
through the use of the controlled delivery of current in the electronic stringency process, permits 
the detection of single point mutations, single base pair mismatches, or other genetic mutations, 

20 which may have significant-impiications in a number of diagnostic and research applications. 
Electronic stringency is achieved without the cumbersome processing and handling otherwise 
required to achieve the same results through conventional methods. In contrast to passive arrays, 
this technology can accommodate both short and long single-stranded fragments of DNA. The 
use of longer probes increases the certainty that the DNA which hybridizes with the capture 

25 probe is the correct target. Electronic stringency control reduces the required number of probes 
and therefore test sites on the microchip, relative to conventional DNA arrays. In contrast, 
traditional passive hybridization processes are difficult to control and require more replicates of 
every possible base pair match so that correct matches can be positively identified. 

Electronic multiplexing allows the simultaneous analysis of multiple tests from a single 

30 sample. Electronic multiplexing is facilitated by the ability to control individual test sites 
independently (for addressing of capture probes or capture molecules and concentration of test 
sample molecules) which allows for the simultaneous use of biochemically unrelated molecules 
on the same microchip. Sites on a conventional DNA array cannot be individually controlled, 
and therefore the same process 3teps must be performed on the entire array. The use of 
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electronics in this technology provides increased versatility and flexibility over such 
conventional methods. 

SUMMARY OF THE INVENTION 
5 The present invention provides oligonucleotide primers that can be used for amplification 

of the sodB target sequences found in C. jejuni and C. coii. More specifically, the target 
sequence comprises segments of the sodB gene. The amplification primers have been designed 
for high-efficiency, high-specificity amplification at increased temperatures, such as in 
thermophilic SDA and the PCR, however, they are also useful in lower-temperature 

10 amplification reactions such as conventional SDA, 3SR or NASBA. Oligonucleotide assay 
probes that hybridize to the assay region of the amplified target are used to detect the 
amplification products. 

The oligonucleotides of the invention may be used after culture as a means for confirming 
the identity of the cultured organism. Alternatively, they may be used with clinical samples from 

15 humans or animals, such as fecal material, or with samples of contaminated food or water for 
detection and identification of C. jejuni and C, coii sodB nucleic acid using known amplification 
methods. In either case, the inventive oligonucleotides and assay methods provide a means for 
rapidly discriminating between C. jejuni or C. coii and other microorganisms, allowing the 
practitioner to identify this microorganism rapidly without resorting to the more traditional 

20 procedures customarily relied upon.- Such rapid identification of the specific etiological agent 
involved in an infection provides information that can be used to determine appropriate therapy 
within a short period of time. 

SUMMARY OF THE SEQUENCES 

25 SEQ ID NOs:l-3 are sequences of oligonucleotides used as upstream primers for 

amplification of the C. jejuni and C. coii sodB gene. SEQ ID NOs:4-6 are sequences of 
oligonucleotides used as downstreams primers for amplification of the C. jejuni and C coii sodB 
gene. SEQ ID NO;7 is the sequence of an oligonucleotide used as an upstream bumper for SDA 
amplification. SEQ ID NO:8 is the sequence of an oligonucleotide used as a downstream 

30 bumper for SDA amplification. SEQ ID NOs:9-10 are sequences of detector oligonucleotides 
(probes or reporters) for the C. jejuni and C. coii sodB gene. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention relates to oligonucleotides, amplification primers and assay probes 
35 which exhibit Campylobacter jejuni- and C. co/i-specificity in nucleic acid amplification 
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reactions. Also provided are methods for detecting and identifying C. jejuni and C. coli sodB 
nucleic acids using the oligonucleotides of the invention. The preferred methods are to use SDA, 
tSDA or homogeneous real time fluorescent tSDA. These methods are known to those skilled in 
the art from references such as U.S. Patent No. 5,547,861, U.S. Patent No. 5,648,21 1, U.S. Patent 

5 No. 5,846,726 and U.S. Patent Application Serial No. 08/865,675, filed May 30, 1997, the 
disclosures of which are hereby specifically incorporated herein by reference. The use of 
microelectronic arrays for the analysis of nucleic acids are known to those skilled in the art from 
references such as U.S. Patent No. 5»605,662 and U.S. Patent No. 5,632,957 and PCT published 
application Nos.WO 96/01836 and WO 97/12030. 

10 The primers of the present invention were designed based on the genomic sodB 

sequences available from GenBank. The sequences for C. jejuni, C. coli, Helicobacter pylori 
and Escherichia coli were compared. These sequences were edited and aligned with Gene Works 
software to determine sequence homology. From the DNA alignment studies a 600-base pair 
region was identified with 89% homology between C. jejuni and C coli. Primers developed for 

15 use in SDA are shown in Table 1. Also shown are probes for the detection of the resultant 
amplicons. The exemplary restriction endonuclease recognition sites (BsdBl) in the 
amplification primers are shown in boldface type and the target binding sequences are italicized. 
The target binding sequence of an amplification primer determines its target specificity. 
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TABLE 1 
Amplification Oligonucleotides 
Upstream Primers 

AL46: 5*- CGATTCCGCTCC AGACTTCVCGGGCAGGATGGTTTTGGTT {SEQ ID NO: I) 
5 AL44: 5'- CGATTCCGCTCCAGACTTCTCGGGCAGGATGGTTTTGGT(SEQ ID NO:2J 

AL42:5'~CGATTCCGCTCCAGACTTCTCGGGC^GG^7X/G7T7TaG (SEQ ID NO:3) 

Downstream Primers 

AR48; 5*- ACCGCATCG AATGC ATGTCTCGGGGA^G7>iCCr.dCj4>L4 TTCT (SEQ IDN0:4) 
10 AR42: 5'- ACCGCATCGAATGCATGTCVCGGGAAGTACCTACAAATTCT (SEQ ID N0:5) 

AR42: 5'- ACCGCATCGAATGCATGTC?CGGGAGTACCTACAAATTCT(SEQ ID NO:6) 



15 



Upstream Bumper 
BL42: 5'- AC A GG AGTTTTTGGTT (SEQ ID N0:7) 

Downstream Bumper 
BR42: 5*- AATAGGTGT AGCTG C (SEQ ID N0:8) 



Detector Probes 

20 DL52: 5'- GGTTAGTTTATAATACT (SEQ ID NO:9) 

DR48: 5'- CTAGTTTTTGATTTTTAGT (SEQ ID NO: 10) 

As nucleic acids do not require complete complementarity in order to hybridize, ii is to be 
understood that the probe and primer sequences herein disclosed may be modified to some extent 

25 without loss of utility as C. jejuni- and C. co/j-specifxc probes and primers. As is known in the 
ait, hybridization of complementary and partially complementary nucleic acid sequences may be 
obtained by adjustment of the hybridization conditions to increase or decrease stringency (i.e., 
adjustment of pH, hybridization temperature or salt content of the buffer). Such minor 
modifications of the disclosed sequences and any necessary adjustments of hybridization 

30 conditions to maintain C. jejuni- and C, cofr-specificity require only routine experimentation and 
axe within -the ordinary skill in the art. 

The amplification products generated using the primers disclosed herein may be detected 
by a characteristic size, for example, on polyacrylamide or agarose gels stained with ethidium 
bromide. Alternatively, amplified target sequences may be detected by means of an assay probe, 

35 which is an oligonucleotide tagged with a detectable label. In one embodiment, at least one 
tagged assay probe may be used for detection of amplified target sequences by hybridization (a 
detector probe), by hybridization and extension as described by Walker, et al. (1992, Nucl Acids 
Res. 20:1691-1696) (a detector primer) or by hybridization, extension and conversion to double 
stranded form as described in EP 0 678 582 (a signal primer). SEQ ID 9 and SEQ ID 10 are 
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particularly useful as detector primers, i.e., primer extension detector probes, in conjunction with 
the amplification primers of the invention for detection of C. jejuni and C. coll Preferably, the 
assay probe is selected to hybridize to a sequence in the target that is between the amplification 
primers, i.e., it should be an internal assay probe. Alternatively, an amplification primer or the 
5 target binding sequence thereof may be used as the assay probe. 

The delectable label of the assay probe is a moiety which can be detected either directly 
or indirectly as an indication of the presence of the target nucleic acid. For direct detection of the 
label, assay probes may be tagged with a radioisotope and detected by autoradiography or tagged 
with a fluorescent moiety and detected by fluorescence as is known in the art. Alternatively, the 

10 assay probes may be indirectly detected by tagging with a label that requires additional reagents 
to render it detectable. Indirectly detectable labels include, for example, chemi luminescent 
agents, enzymes which produce visible reaction products and Hgands (e.g., haptens, antibodies or 
antigens) which may be detected by binding to labeled specific binding partners (e.g., antibodies 
or antigens/haptens). Ligands are also useful for immobilizing the Hgand-labeled 

15 oligonucleotide (the capture probe) on a solid phase to facilitate its detection. Particularly. useful 
labels include biotin (detectable by binding to labeled avidin or streptayidin) and enzymes such 
as horseradish peroxidase or alkaline phosphatase (detectable by addition of enzyme substrates to 
produce colored reaction products). Methods for adding such labels to, or including such labels 
in, oligonucleotides are well known in the art and any of these methods are suitable for use in the 

20 present invention. — - - 

Examples of specific detection methods which may be employed include a 
chemiluminescent method in which amplified products are detected using a biotinylated capture 
probe and an enzyme-conjugated detector probe as described in U.S. Patent No. 5,470,723. After 
hybridization of these two assay probes to different sites in the assay region of the target 

25 sequence (between the binding sites of the two amplification primers), the complex is captured 
on a streptavi din-coated microtiter plate by means of the capture probe, and the 
chemiluminescent signal is developed and read in a luminometer. As another alternative for 
detection of amplification products, a signal primer as described in EP 0 678 582 may be 
included in the SDA reaction. In this embodiment, labeled secondary amplification products are 

30 generated during SDA in a target amplification-dependent manner and may be detected as an 
indication of target amplification by means of the associated label. 

For commercial convenience, amplification primers for specific detection and 
identification of nucleic acids may be packaged in the form of a kit. Typically, such a kit 
contains at least one pair of amplification primers. Reagents for performing a nucleic acid 

35 amplification reaction may also be included with the target-specific amplification primers, for 
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example, buffers, additional primers, nucleotide triphosphates, enzymes, etc. The components of 
the kit are packaged together in a common container, optionally including instructions for 
performing a specific embodiment of the inventive methods. Other optional components may 
also be included in the kit, e.g., an oligonucleotide tagged with a label suitable for use as an assay 

5 probe, and/or reagents or means for detecting the label. 

The target binding sequences of the amplification primers confer species hybridization 
specificity on the oligonucleotides and therefore provide species specificity to the amplification 
reaction. Thus, the target binding sequences of the amplification primers of the invention are 
also useful in other nucleic acid amplification protocols such as the PCR, conventional SDA (a 

10 reaction scheme which is essentially the same as that of thermophilic SDA but conducted at 
lower temperatures using mesophilic enzymes), 3SR, NASBA and TAS. Specifically, any 
amplification protocol which utilizes cyclic, specific hybridization of primers to the target 
sequence, extension of the primers using the target sequence as a template and separation or 
displacement of the extension products from the target sequence may employ the target binding 

15 sequences of the invention. For amplification methods that do not require specialized, non-target 
binding sequences (e.g., PCR), the amplification primers may consist only of the target binding 
sequences of the amplification primers listed in Table 1. 

Other sequences, as required for performance of a selected amplification reaction, may 
optionally be added to the target binding sequences disclosed herein without altering the species 

20 specificity of the oligonucleotide.- By . way of example, the specific amplification primers may 
contain a recognition site for the restriction endonuclease BsoBl that is nicked during the SDA 
reaction. It will be apparent to one skilled in the art that other nickable restriction endonuclease 
recognition sites may be substituted for the BsoBl recognition site including, but not limited to, 
those recognition sites disclosed in EP 0 684 315. Preferably, the recognition site is for a 

25 thermophilic restriction endonuclease so that the amplification reaction may be performed under 
the conditions of thermophilic SDA (tSDA). Similarly, the tail sequence of the amplification 
primer (5'«to the restriction endonuclease recognition site) is generally not critical, although the 
restriction site used for SDA and sequences which will hybridize either to their own target 
binding sequence or to the other primers should be avoided. Some amplification primers for 

30 SDA therefore consist of 3' target binding sequences, a nickable restriction endonuclease 
recognition site 5 1 to the target binding sequence and a tail sequence about 10-25 nucleotides in 
length 5' to the restriction endonuclease recognition site. The nickable restriction endonuclease 
recognition site and the tail sequence are sequences required for the SDA reaction. For other 
amplification reactions (e.g., 3SR, NASBA and TAS), the amplification primers may consist of 

35 the target binding sequence and additional sequences required for the selected amplification 
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reaction (e.g., sequences required for SDA as described above or a promoter recognized by RN A 
polymerase for 3SR). Adaptation of the target binding sequences of the invention to 
amplification methods other than SDA employs routine methods for preparation of amplification 
primers, such as chemical synthesis, and the well known structural requirements for the primers 
5 of the selected amplification reaction, The target binding sequences of the invention may 
therefore be readily adapted to C. jejuni- and C. co/i-specific target amplification and detection in 
a variety of amplification reactions using only routine methods for production, screening and 
optimization. 

In SDA, the bumper primers are not essential for species specificity, as they function to 

10 displace the downstream, species-specific amplification primers. It is required only that the 
bumper primers hybridize to the target upstream from the amplification primers so that when 
they are extended they will displace the amplification primer and its extension product. The 
particular sequence of the bumper primer is therefore generally not critical, and may be derived 
from any upstream target sequence which is sufficiently close to the binding site of the 

15 amplification primer to allow displacement of the amplification primer extension product upon 
extension of the bumper primer. Occasional mismatches with the target in the bumper primer 
sequence or some cross-hybridization with non-target sequences do not generally negatively 
affect amplification efficiency as long as the bumper primer remains capable of hybridizing to 
the specific target sequence. 

20 Amplification reactions employing the primers of the invention may incorporate thymine 

as taught by Walker, et al. (1992, Nucl Acids Res. 20:1691-1696), or they may wholly or 
partially substitute 2'-deoxyuridine 5 l -triphosphate for TTP in the reaction to reduce cross- 
contamination of subsequent amplification reactions, e.g., as taught in EP 0 624 643. dU 
(uridine) is incorporated into amplification products and can be excised by treatment with uracil 

25 DNA glycosylase (UDG). These abasic sites render the amplification product unamplifiable in 
subsequent amplification reactions, UDG may be inactivated by uracil DNA glycosylase 
inhibitor (UGI) prior to performing the subsequent amplification to prevent excision of dU in 
newly-formed amplification products. 

Strand Displacement Amplification (SDA) is an isothermal method of nucleic acid 

30 amplification in which extension of primers, nicking of a hemimodified restriction endonuclease 
recognition/cleavage site, displacement of single stranded extension products, annealing of 
primers to the extension products (or the original target sequence) and subsequent extension of 
the primers occurs concurrently in the reaction mix. This is in contrast to polymerase chain 
reaction (PCR), in which the steps of the reaction occur in discrete phases or cycles as a result of 

35 the temperature cycling characteristics of the reaction. SDA is based upon 1) the ability of a 
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restriction endonuclease to nick the unmodified strand of a hemiphosphorothioate form of its 
double stranded recognition/cleavage site and 2) the ability of certain polymerases to initiate 
replication at the nick and displace the downstream non-template strand. After an initial 
incubation at increased temperature (about 95°C) to denature double stranded target sequences 

5 for annealing of the primers, subsequent polymerization and displacement of newly synthesized 
strands takes place at a constant temperature. Production of each new copy of the target 
sequence consists of five steps: 3) binding of amplification primers to an original target 
sequence or a displaced single-stranded extension product previously polymerized, 2) extension 
of the primers by a $*-V exonuclease deficient polymerase incorporating an ct-thio 

10 deoxy nucleoside triphosphate (a-thio dNTP), 3) nicking of a hemimodified double stranded 
restriction site, 4) dissociation of the restriction enzyme from the nick site, and 5) extension from 
the V end of the nick by the 5'-3* exonuclease deficient polymerase with displacement of the 
downstream newly synthesized strand. Nicking, polymerization and displacement occur 
concurrently and continuously at a constant temperature because extension from the nick 

15 regenerates another nickabie restriction site. When a pair of amplification primers is used, each 
of which hybridizes to one of the two strands of a double stranded target sequence, amplification 
is exponential. This is because the sense and antisense strands serve as templates for the 
opposite primer in subsequent rounds of amplification. When a single amplification primer is 
used, amplification is linear because only one strand serves as a template for primer extension. 

20 Examples of restriction endonucleases which nick their double stranded recognition/cleavage 
sites when an cc-thio dNTP is incorporated are Hincft, Hindi! , Ava\ t Neil and Fnu4Hl. All of 
these restriction endonucleases and others which display the required nicking activity are suitable 
for use in conventional SDA. However, they are relatively thermolabile and lose activity above 
about 40°C 

25 Targets for amplification by SDA may be prepared by fragmenting larger nucleic acids by 

restriction with an endonuclease which does not cut the target sequence. However, it is generally 
preferred that target nucleic acids having selected restriction endonuclease recognition/cleavage 
sites for nicking in the SDA reaction be generated as described by Walker, et al. (1992, Nucl 
Acids Res. 20:1691-1696) and in U.S. Patent No. 5,270,184 (herein incorporated by reference). 

30 Briefly, if the target sequence is double stranded, four primers are hybridized to it. Two of the 
primers (S x and Si) are SDA amplification primers and two (B* and B 2 ) are external or bumper 
primers. Sj and S 2 bind to opposite strands of double stranded nucleic acids flanking the target 
sequence. B, and B 2 bind to the target sequence 5' (i.e., upstream) of S t and S 2> respectively. 
The exonuclease deficient polymerase is then used to simultaneously extend all four primers in 

35 the presence of three deoxynucleoside triphosphates and at least one modified deoxynucleoside 
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triphosphate (e.g., 2' -de oxy adenosine 5' -0-(l -mi ©triphosphate), "dATPaS"). The extension 
products of S| and S 2 are thereby displaced from the original target sequence template by 
extension of B { and B 2 . The displaced, single stranded extension products of the amplification 
primers serve as targets for binding of the opposite amplification and bumper primer (e.g., the 

5 extension product of Sj binds S 2 and BJ. The next cycle of extension and displacement results 
in two double stranded nucleic acid fragments with hemimodified restriction endonuclease 
recognition/cleavage sites at each end. These are suitable substrates for amplification by SDA. 
As in SDA, the individual steps of the target generation reaction occur concurrently and . 
continuously, generating target sequences with the recognition/cleavage sequences at the ends 

10 required for nicking by the restriction enzyme in SDA. As all of the components of the SDA 
reaction are already present in the target generation reaction, target sequences generated 
automatically and continuously enter the SDA cycle and are amplified. 

To prevent cross-contamination of one SDA reaction by the amplification products of 
another, dUTP may be incorporated into SDA-amplified DNA in place of dTTP without 

15 inhibition of the amplification reaction. The uracil-modified nucleic acids may then be 
specifically recognized and inactivated by treatment with uracil DNA glycosyiase (UDG). 
Therefore, if dUTP is incorporated into SDA-amplified DNA in a prior reaction, any subsequent 
SDA reactions can be treated with UDG prior to amplification of double stranded targets, and 
any dU containing DNA from previously amplified reactions will be rendered unaraplifiable. 

20 The target DNA to be amplifteaHn the subsequent reaction does not contain dU and will not be 
affected by the UDG treatment. UDG may then be inhibited by treatment with UGI prior to 
amplification of the target. Alternatively, UDG may be heat-inactivated. In thermophilic SDA, 
the higher temperature of the reaction itself 50°C) can be used concurrently to inactivate UDG 
and amplify the target. 

25 SDA requires a polymerase which lacks 5*-3 f exonuclease activity, initiates 

polymerization at a single stranded nick in double stranded nucleic acids, and displaces the 
strand downstream of the nick while generating a new complementary strand using the unnicked 
strand as a . template. The polymerase must extend by adding nucleotides to a free 3' -OH. To 
optimize the SDA reaction, it is also desirable that the polymerase be highly processive to 

30 maximize the length of target sequence which can be amplified. Highly processive polymerases 
are capable of polymerizing new strands of significant length before dissociating and terminating 
synthesis of the extension product. Displacement activity is essential to the amplification 
reaction, as it makes the target available for synthesis of additional copies and generates the 
single stranded extension product to which a second amplification primer may hybridize in 

35 exponential amplification reactions. Nicking activity of the restriction enzyme is also of great 
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importance, as it is nicking which perpetuates the reaction and allows subsequent rounds of 
target amplification lo initiate. 

Thermophilic SDA is performed essentially as the conventional SDA described by 
Walker, et al. (1992, Proc. Natl Acad Set USA 89:392*396 and 1992, NvcL Acids Res. 20:1691- 

5 1696), with substitution of the desired thermostable polymerase and thermostable restriction 
endonuclease. Of course, the temperature of the reaction will be adjusted to the higher 
temperature suitable for the substituted enzymes and the //well restriction endonuclease 
recognition/cleavage site will be replaced by the appropriate restriction endonuclease 
recognition/cleavage site for the selected thermostable endonuclease. Also in contrast to Walker, 

10 et al, the practitioner may include the enzymes in the reaction mixture prior to the initial 
denaturation step if they are sufficiently stable at the denaturation temperature. Preferred 
restriction endonucleases for use in thermophilic SDA are Bsrl, ArrNI, BsmAl, BsR and BsoBl 
(New England BioLabs), and BsfOl (Promega). The preferred thermophilic polymerases are Bca 
(Panvera) and Bsi (New England Biolabs). 

1 5 Homogeneous real time fluorescent tSDA is a modification of tSDA. It employs detector 

oligonucleotides to produce reduced fluorescence quenching in a target-dependent manner. The 
detector oligonucleotides contain a donor/acceptor dye pair linked such that fluorescence 
quenching occurs in the absence of target. Unfolding or linearization of an intramolecularly 
base-paired secondary structure in the detector oligonucleotide in the presence of the target 

20 increases the distance between the dyes and reduces fluorescence quenching. Unfolding of the 
base-paired secondary structure typically involves intermolecuiar base-pairing between the 
sequence of the secondary structure and a complementary strand such that the secondary 
structure is at least partially disrupted. It may be fully linearized in the presence of a 
complementary strand of sufficient length. In a preferred embodiment, a restriction 

25 endonuclease recognition site (RERS) is present between the two dyes such that intermolecuiar 
base-pairing between the secondary structure and a complementary strand also renders the RERS 
double-stranded and cleavable or nickable by a restriction endonuclease. Cleavage or nicking by 
the restriction endonuclease separates the donor and acceptor dyes onto separate nucleic acid 
fragments, further contributing to decreased quenching. In either embodiment, an associated 

30 change in a fluorescence parameter (e.g., an increase in donor fluorescence intensity, a decrease 
in acceptor fluorescence intensity or a ratio of fluorescence before and after unfolding) is 
monitored as an indication of the presence of the target sequence. Monitoring a change in donor 
fluorescence intensity is preferred, as this change is typically larger than the change in acceptor 
fluorescence intensity. Other fluorescence parameters such as a change in fluorescence lifetime 

35 may also be monitored. 
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A detector oligonucleotide for homogeneous real time fluorescent tSDA is an 
oligonucleotide which comprises a single-stranded 5' or 3* section which hybridizes to the target 
sequence (the target binding sequence) and an intramolecularly base-paired secondary structure 
adjacent to the target binding sequence. The detector oligonucleotides of the invention further 

5 comprise a donor/acceptor dye pair linked to the detector oligonucleotide such that donor 
fluorescence is quenched when the secondary structure is intramolecularly base-paired and 
unfolding or linearization of the secondary structure results in a decrease in fluorescence 
quenching. Cleavage of an oligonucleotide refers to breaking the phosphodiester bonds of both 
strands of a DNA duplex or breaking the phosphodiester bond of single-stranded DNA. This is 

10 in contrast to nicking, which refers to breaking the phosphodiester bond of only one of the two 
strands in a DNA duplex. 

The detector oligonucleotides of the invention for homogeneous real time fluorescent 
tSDA comprise a sequence that forms an intramolecularly base-paired secondary structure under 
the selected reaction conditions for primer extension or hybridization. The secondary structure is 

15 positioned adjacent to the target binding sequence of the detector oligonucleotide so that at least 
a portion of the target binding sequence forms a single-stranded 3' or 5' tail. As used herein, the 
term M adjacent to the target binding sequence" means that all or part of the target binding 
sequence is left single-stranded in a 5* or 3* tail which is available for hybridization to the target. 
That is, the secondary structure does not comprise the entire target binding sequence. A portion 

20 of the target binding sequence- may be involved in the intramolecular base-pairing in the 
secondary structure, it may include all or part of a first sequence involved in intramolecular base- 
pairing in the secondary structure, it may include all or part of a first sequence involved in 
intramolecular base-pairing in the secondary structure but preferably does not extend into its 
complementary sequence. For example, if the secondary structure is a stem-loop structure (e.g. t 

25 a "hairpin") and the target binding sequence of the detector oligonucleotide is present as a 
single-stranded 3" tail, the target binding sequence may also extend through all or part of the first 
arm of the -stem and, optionally, through all or part of the loop. However, the target binding 
sequence preferably does not extend into the second arm of the sequence involved in stem 
intramolecular base-pairing. That is, it is desirable to avoid having both sequences involved in 

30 intramolecular base-pairing in a secondary structure capable of hybridizing to the target. 
Mismatches in the intramolecularly base-paired portion of the detector oligonucleotide secondary 
structure may reduce the magnitude of the change in fluorescence in the presence of target but 
are acceptable if assay sensitivity is not a concern. Mismatches in the target binding sequence of 
the single-stranded tail are also acceptable but may similarly reduce assay sensitivity and/or 

35 specificity. However, it is a feature of the present invention that perfect base-pairing in both the 
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secondary structure and the target binding sequence do not compromise the reaction. Perfect 
matches in the sequences involved in hybridization improve assay specificity without negative 
effects on reaction kinetics. 

When added to the amplification reaction, the detector oligonucleotide signal primers of 
5 the invention are converted to double-stranded form by hybridization and extension as described 
above. Strand displacement by the polymerase also unfolds or linearizes the secondary structure 
and converts it to double-stranded from by synthesis of a complementary strand. The RERS, if 
present, also becomes double-stranded and cleavable or nickable by the restriction endonuclease. 
As the secondary structure is unfolded or linearized by the strand displacing activity of the 

10 polymerase, the distance between the donor and acceptor dye is increased, thereby reducing 
quenching of donor fluorescence. The associated change in fluorescence of either the donor or 
acceptor dye may be monitored or detected as an indication of amplification of the target 
sequence. Cleavage or nicking of the RERS generally further increases the magnitude of the 
change in fluorescence by producing two separate fragments of the double-stranded secondary 

1 5 amplification product, each having one of the two dyes linked to it. These fragments are free to 
diffuse in the reaction solution, further increasing the distance between the dyes of the 
donor/acceptor pair. An increase in donor fluorescence intensity or a decrease in acceptor 
fluorescence intensity may be detected and/or monitored as an indication that target amplification 
is occurring or has occurred, bu! other fluorescence parameters which are affected by the 

20 proximity of the donor/acceptor- dye pair may also be monitored. A change in fluorescence 
intensity of the donor or acceptor may also be detected as a change in a ratio of donor and/or 
acceptor fluorescence intensities. For example, a change in fluorescence intensity may be 
detected as a) an increase in the ratio of donor fluorophore fluorescence after linearizing or 
unfolding the secondary structure and donor fluorophore fluorescence in the detector 

25 oligonucleotide prior to linearizing or unfolding, or b) as a decrease in the ratio of acceptor dye 
fluorescence after linearizing or unfolding and acceptor dye fluorescence in the detector 
oligonucleotide prior to linearizing or unfolding. 

It will be apparent that, in addition to SDA, the detector oligonucleotides of the invention 
may be adapted for use as signal primers in other primer extension amplification methods (e.g., 

30 PCR, 3SR, TMA or NASBA). For example, the methods may be adapted for use in PCR by 
using PCR amplification primers and a strand displacing DNA polymerase which lacks 5'-»3' 
exonuclease activity (e.g., Sequencing Grade Taq from Promega or exo* Vent or exo* Deep Vent 
from New England BioLabs) in the PCR. The detector oligonucleotide signal primers hybridize 
to the target downstream from the PCR amplification primers, are displaced and are rendered 

35 double-stranded essentially as described for SDA. In PCR any RERS may optionally be selected 
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for use in the detector oligonucleotide, as there are typically no modified deoxy nucleoside 
triphosphates present which might induce nicking rather than cleavage of the RERS. As 
thermocycling is a feature of amplification by PCR, the restriction endonuclease is preferably 
added at low temperature after the final cycle of primer annealing and extension for end-point 
5 detection of amplification. However* a thermophilic restriction endonuclease that remains active 
through the high temperature phases of the PCR reaction could be present during amplification to 
provide a real-time assay. As in SDA systems, separation of the dye pair reduces fluorescence 
quenching, with a change in a fluorescence parameter such as intensity serving as an indication 
of target amplification. 

I0 The change in fluorescence resulting from unfolding or linearizing of the detector 

oligonucleotides may be detected at a selected endpoint in the reaction. However, because 
linearized secondary structures are produced concurrently with hybridization or primer extension, 
the change in fluorescence may also be monitored as the reaction is occurring, i.e., in "real- 
time". This homogeneous, real-time assay format may be used to provide semiquantitative or 

15 quantitative information about the initial amount of target present. For example, the rate at 
which fluorescence intensity changes during the unfolding or linearizing reaction (either as part 
of target amplification or in non-amplification detection methods) is an indication of initial target 
levels. As a result, when more initial copies of the target sequence are present, donor 
fluorescence more rapidly reaches a selected threshold value (i.e., shorter time to positivity). The 

20 decrease in acceptor fluorescence similarly exhibits a shorter time to positivity, detected as the 
time required to reach a selected minimum value. In addition, the rate of change in fluorescence 
parameters during the course of the reaction is more rapid in samples containing higher initial 
amounts of target than in samples containing lower initial amounts of target (i.e., increased slope 
of the fluorescence curve). These or other measurements as is known in the art may be made as 

25 an indication of the presence of target or as an indication of target amplification. The initial 
amount of target is typically determined by comparison of the experimental results to results for 
known amounts of target 

Assays for the presence of a selected target sequence according to the methods of the 
invention may be performed in solution or on a solid phase. Real-time or endpoint homogeneous 

30 assays in which the detector oligonucleotide functions as a primer are typically performed in 
solution. Hybridization assays using the detector oligonucleotides of the invention may also be 
performed in solution (e.g., as homogeneous real-time assays) but are also particularly well- 
suited to solid phase assays for real-time or endpoint detection of target. In a solid phase assay, 
detector oligonucleotides may be immobilized on the solid phase (e.g., beads, membranes or the 

35 reaction vessel) via internal or terminal labels using methods known in the art. For example, a 
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biotin-labeled detector oligonucleotide may be immobilized on an avidin-rnodified solid phase 
where it will produce a change in fluorescence when exposed to the target under appropriate 
hybridization conditions. Capture of the target in this manner facilitates separation of the target 
from the sample and allows removal of substances in the sample which may interfere with 
5 detection of the signal or other aspects of the assay. An example of a solid phase system which 
can be used is an electronic microarray, i.e., an active programmable electronic matrix 
hybridization system. 

A simplified version of the active programmable electronic matrix hybridization system 
for use with this invention is described as follows. Generally, a substrate supports a matrix or 

10 array of electronically addressable microlocations. A permeation layer is disposed above the 
individual electrodes. The permeation layer permits transport of relatively small charged entities 
through it, but precludes large charged entities, such as DNA from contacting the electrodes 
directly. The permeation layer avoids the electrochemical degradation that would occur in the 
DNA by direct contact with the electrodes. It further serves to avoid the strong, non-specific 

1 5 adsorption of DNA to electrodes. Attachment regions are disposed upon the permeation layer and 
provide for specific binding sites for target materials. 

In operation, a reservoir comprises that space above the attachment regions that contains 
the desired £as well as undesired) materials for detection, analysis or use. Charged entities, such 
as charged DNA, are located within the reservoir. In one aspect, the active, programmable 

20 matrix system comprises a -method for transporting the charged material to any of the specific 
microlocations. When activated, a microlocation generates the free field electrophoretic transport 
of any charged, functionalized, specific binding entity towards the electrode. For example, if one 
electrode were made positive and a second electrode negative, electrophoretic lines of force 
would run between two electrodes. The lines of electrophoretic force cause transport of charged 

25 binding entities that have a net negative charge toward the positive electrode. Charged materials 
having a net positive charge move under the electrophoretic force toward the negatively charged 
electrode. When the net negatively charged binding entity that has been functionalized contacts 
the attachment layer as a result of its movement under electrophoretic force, the functionalized 
specific binding entity becomes covaientiy attached to the attachment layer corresponding to the 

30 first electrode. 

Electrophoretic transport generally results from applying a voltage, which is sufficient to 
permit electrolysis and ion transport within the system. Electrophoretic mobility results, and 
current flows through the system, such as by ion transport through the electrolyte solution. In 
this way, a complete circuit may be formed via the current flow of the ions, with the remainder of 
35 the circuit being completed by the conventional electronic components, such as the electrodes 
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and controlled circuitry. For example, for an aqueous electrolyte solution containing 
conventional material such as sodium chloride, sodium phosphate, buffers and ionic species, the 
voltage which induces electrolysis and ion transport is greater than, or equal to, approximately 
1.2 volts. 

5 It is possible to protect the attachment layers that are not subject to reaction by making 

their corresponding electrodes negative. This results in electrophoretic lines of force emanating 
from such attachment regions. The electrophoretic force lines serve to drive away negatively 
charged binding entities from the non-reactant attachment layer and towards the attachment layer 
corresponding to the first electrode. In this way, "force field" protection is formed around the 

10 attachment layers that it is desired to have nonreactive with the charged molecules at that time. 

One highly advantageous result of this system is that charged binding materials may be 
highly concentrated in regions adjacent to the signal attachment layers. For example, if an 
individual microlocation is positively charged, and the remaining micro locations are negatively 
charged, the lines of electrophoretic force will cause transport of the net negatively charged 

15 binding entities toward the positively charged microlocation. In this way, a method for 
concentrating and reacting analytes or reactants at any specific microlocation on the device may 
be achieved. After the attachment of the specific binding entities to the attachment layer, the 
underlying microelectrode may continue to function in a direct current (DC) mode. This unique 
feature allows relatively dilute charged analytes or reactant molecules free in solution to be 

20 transported rapidly, concentrated," and reacted in a serial or parallel manner at any specific 
microlocation that is maintained at the opposite charge to the analyte or reactant molecules. This 
ability to concentrate dilute analyte or reactant molecules at selected microlocations greatly 
accelerates the reaction rates at these microlocations. 

After the desired reaction is complete, the electrode may have its potential reversed, 

25 thereby creating an electrophoretic force in the direction opposite the prior attractive force. In 
this way, nonspecific anaJytes or unreacted molecules may be removed from the microlocation. 
Specific analytes or reaction products may be released from any microlocation and transported to 
other locations for further analysis, stored at other addressable locations, or removed completely 
from the system. This removal or deconcentration of materials by reversal of the field enhances 

30 the discrimination ability of the system by resulting in removal of nonspecificaily bound 
materials. By controlling the amount of now-repulsive electrophoretic force to nonspecificaily 
bound materials on the attachment layer, electronic stringency control may be achieved. By 
raising the electric potential at the electrode so as to create a field sufficient to remove partially 
hybridized DNA sequences, thereby permitting identification of single mismatched 

3 5 hybridizations, point mutations may be identified. 
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Operations may be conducted in parallel or in series at the various attachment layers. For 
example, a reaction may occur first at a first attachment layer, utilizing the potentials as shown. 
The potential at a first electrode may be reversed, that is, made negative, and the potential at the 
adjacent second electrode may be made positive. In this way, a series reaction occurs. Materials 
5 that were not specifically bound to the first attachment layer would be transported by 
electrophoretic force to the attachment layer. In this way, the concentration aspect is utilized to 
provide high concentrations at that specific attachment layer then subject to the positive 
electrophoretic force. The concentrated materials may next be moved to an adjacent, or other, 
attachment layer. Alternatively, multiple attachment layers may be deprotected in the sense that 

10 there is a net electrophoretic force field emanating from the electrode through the attachment 
layer out into the reservoir. By deprotecting the multiple attachment layer, multiplex reactions 
are performed. Each individual site may serve in essence as a separate biological "test tube" in 
that the particular environment addressed by a given attachment layer may differ from those 
environments surrounding the other attachment layers. 

15 In one embodiment, the permeation layer contains avidin and one of the SDA primers 

contains biotux Subsequent to amplification, the ampUcons are electronically addressed onto the 
array and binds to the avidin. One or more labeled detector probes are then added and allowed to 
hybridize with the ampUcons. The presence of hybridized detector probes is then detected. In a 
second embodiment, one or more capture probes are designed to hybridize with the amplified 

20 nucleic acid, Each capture" probe contains biotin and is either bound onto or electronically 
addressed and bound onto an array in which the permeation layer contains avidin. The 
amplicons are then electronically addressed onto the array and hybridize with the capture probes. 
One or more labeled detector probes are then added and allowed to hybridize with the amplicons. 
The presence of hybridized detector probes is then detected. 

25 Further details of the electronic microarray and associated systems are described by 

Heller et ai. (1997, U.S. Patent No. 5,605,662; 1997, U.S. Patent No. 5,682,957; 1997, PCT 
published application No. WO97/12030), and Sosnowski et ai. (1998, PCT published application 
No. WO98/10273), the disclosures of which are hereby specifically incorporated herein by 
reference. 

30 In addition, techniques utilizing SDA and electronic microarrays, including several assay 

formats, are disclosed in copending application Serial No. 09/ , filed concurrently 

herewith (Attorney Docket No. 235/139), incorporated herein by reference. In one embodiment, 
described in this application, a sandwich assay is used in which a single-stranded capture probe is 
electronically deposited on the array, and serves to capture one strand of a charged molecule such 

35 as target nucleic acid or amplicon thereof. A multiplicity of molecules such as nucleic acid 
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capture probes can be electronically deposited on different pads of the array, It is preferred that 
the hybridization of the target molecule or amplicon and the capture probe be conductd 
electronically. Following capture of the charged molecule to the capture sites, the captured 
molecule may be detected by a labeled reporter probe that binds to the captured molecule. 

5 In a second embodiment described in this application, an electronic amplification is 

conducted on the microarray. In this embodiment, target nucleic acid is electronically 
concentrated in the vicinity of anchored primers located on a capture site and used in an SDA or 
other amplification method. Electronic hybridization is used to hybridize the template molecules 
to the anchored SDA primers. The microchips are then incubated with an SDA reaction mix 

10 which contains the SDA components other than the template and the amplification primers. 
After the reaction is stopped, the products are denatured, and the microchip incubated with 
reporter probes to detect the presence of target nucleic acid. These embodiments illustrate that 

(a) the amplification may be conducted on an electronic microarray followed by analysis or 

(b) the amplification may be conducted in solution and then analysis conducted on an electronic 
IS microarray. 

EXAMPLES 

The following Examples illustrate specific embodiments of the invention described 
herein. As would be apparent to skilled artisans, various changes and modifications are possible, 
20 and are contemplated within-the -scope of the invention described. 

EXAMPLE 1 
Primer Screening 

Ail pairwise combinations of upstream and downstream amplification primers shown in 
25 Table I were tested for amplification of the target. Amplification reactions were conducted in 
the presence of 10* genomic equivalents of C jejuni target DNA. The amplification reactions 
were conducted at 52° C in buffers containing final concentrations of the following components: 
30-40 mM potassium phosphate (pH 7.6), 5-9% glycerol, 3-7% dimethylsuifoxide (DMSO), 
5mM magnesium acetate, 700 ng human placental DNA, 10 ug acetylated bovine serum 
30 albumin, 1.82% trehalose, 0.36 mM dithiothreitol, 500 nM SDA primers, 50 nM SDA bumper 
primers, 0.25 mM dUTP, 0.7 mM 2'-deoxycytidine 5'-0-(l-thiotriphosphate), 0.1 mM dATP, 
0. 1 mM dGTP, and approximately 640 units BsoBl and 40 units Bsi polymerase. 

In brief, target DNA was denatured for 5 minutes at 95° C and cooled to room 
temperature prior to addition to a buffer containing the SDA primers and bumpers. Incubation 
35 was continued at room temperature for 20 minutes, followed by incubation at 70° C for 10 
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minutes to minimize potential false priming. Amplification was then initiated at 52° C by 
transfer of a fixed volume of the priming mix to microtiter wells containing the amplification 
enzymes. Amplification was carried out for I hour at a constant temperature of 52° C. SDA 
amplification products were detected by autoradiography following primer extension with 3J P- 
5 labeled detector sequences SEQ ID NO:9 and SEQ ID NO:10 and resolution in 8% denaturing 
polyacrylamide gels. Specific amplification products were detected with all 9 primer 
combinations tested. 



EXAMPLE 2 

10 Determination of Analytical Sensitivity 

SDA was performed as described Example 1 with amplification primers SEQ ID NO:! 
and SEQ ID N0:4> SEQ ID NO:l and SEQ ID NO:5, and SEQ NO;2 and SEQ ID NO:5. Target 
DNA was included at 0, 10 2 , 10 3 , 10 4 , or 10 5 genomic equivalents per reaction. An analytical 
sensitivity of 10 2 targets was achieved. 

15 

EXAMPLE 3 
Evaluation of Primer Specificity 
Primer specificity was evaluated using SEQ ID NO:l, SEQ ID NO:5, SEQ ID NO:7, 
and SEQ ID NO: 8 as described in Example 1 with 30mM potassium phosphate, 9% glycerol and 
20 3% DMSO. Thirty-four strains of C. jejuni and C. colt were tested at I0 5 genomic equivalents 
per reaction (Table 2). AU thirty-four of the strains tested positive for a calculated specificity of 
100%. 
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TABLE 2 
Campylobacter Specificity Panel 



Species 


Strain 


C. jejuni 


a ice ii/yi 


C. jejuni 


A TOO niDO 

Aicc jjzy/ 


C. jejuni 


ATCC 49349 


C jejuni 


ATCC 29428 


C. jejuni 


ATCC 33560 


C. jejuni 


a JT>>^i**\ ^ ft/A J 

ATCC 49943 


C. jejuni 


T-401 


C. jejuni 


T-402 


C. jejuni 


T-403 


C. jejuni 


T-404 


C. jejuni 


T-405 


C. jejuni. 


T-407 


C. jejuni. 


T-408 


C. jejuni. 


T-410 


C. jejuni 


T-411 


C. jejuni 


T-413 


C. coli 


ATCC 43474 


C coli 


ATCC 33559 


C. coli 


ATCC 49941 


C. coli 


ATCC 43472 


€. coli 


ATCC 43473 


C coli 


ATCC 43475 


C coli 


ATCC 43476 


C. coli 


ATCC 43477 


C. coli 


ATCC 43479 


C. coli 


ATCC 43481 


C. coli 


ATCC 43482 


C coli 


ATCC 43483 


C. coli 


ATCC 43484 


a coli 


ATCC 43486 


a coli 


ATCC 43489 


C. coli 


ATCC 43499 


a coli 


T-449 


C. coli 


T-834 
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EXAMPLE 4 
Evaluation of Cross-Reactivity 
Cross-reactivity was evaluated using the primers and reaction conditions described in 
Example 3. Non C. jejuni and C. coli organisms were tested with 10 7 genomic equivalents per 
5 reaction. Negative results were obtained with all 20 organisms tested (Table 3). In all cases, 
when 10* copies of C jejuni target DNA were seeded into the reactions, specific product was 
obtained indicating the absence of amplification inhibition. 

10 Campylobacter Cross-Reactivity Panel 



Species 




Strain 


Actinomyces israelii 


Serotype 1 


ATCC 10049 


Arcobacter butzleri 




ATCC 49616 


Bacteroides ureolyticus 




ATCC 33387 


Campylobacter lari 




ATCC 43675 


Candida albicans 




ATCC 44808 


Citrobacter freundii 




ATCC 8090 


Enierobaaer cloacae 




ATCC 13047 


Enterococcus faecalis 




ATCC 29212 


Escherichia coli 




T-4025 


Escherichia 




T-3785 


Helicobacter pyloric . ._ 




ATCC 43526 


Klebsiella pneumoniae 


subsp. pneumoniae 


ATCC 13883 


Protevs mirabilis 




ATCC 29906 


Salmonella typhimurium 




ATCC 13311 


Shigella sonnei 




ATCC 29029 


Staphylococcus aureus 


subsp. aureus 


ATCC 12598 


Streptococcus bovis 




ATCC 9809 


Streptococcus pyogenes 


Group A 


ATCC 19615 


Vibrio cholerae 


Biotype eltor 


ATCC 14035 


Yersinia enterocolitica 




ATCC 9610 



EXAMPLE 5 
Electronic Microarrav Analysis 
The microelectronic array assembly has been described previously (R.G. Sosnowski et 
15 ah, 1997, Proc. Natl. Acad, Sci. USA 94:119-123). Electronic targeting of capture probes, 
amplicons or detector probes utilized conditions reported elsewhere (R.G. Sosnowski et al., 
1997, Proc. Natl. Acad. Sci. USA 94:319-123; C.F. Edman et aL, 1997, Nucleic Acids Res. 



25:4907-4914), The permeation layer of the microelectronic array assembly advantageously 
contains avidin. In brief, capture probes are electronically addressd onto a microelectronic array. 
Crude amplification reactions are either spun for 2 min through G6 columns (Biorad, Hercules, 
CA) preequilibrated with distilled water or dialyzed in muitiwell plates (Millipore, Bedford, MA) 
5 for £ 5 hrs against distilled water. The prepared samples are then mixed in a 1:1 ratio with 100 
mM histidine and heated at 95° C for 5 min prior to electronic addressing. For detection, a 
fluorescent labeled oligonucleotide (detector probe) is introduced in 6XSSC and allowed to 
hybridize for 30 min at room temperature. The array is then washed in 0.1XSTE/I%SDS 
followed by 1XSTE. The presence of detector probe is then detected. 

0 

While the invention has been described with some specificity, modifications apparent to 
those of ordinary skill in the art may be made without departing from the scope of the invention. 
Various features of the invention are set forth in the following claims. 
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SEQUENCE LISTING 

cllO? McMillian, Ray A, 
Port, Thomas L. 
Hellyer, Tobin J. 
You, Qirnin 

<120> Amplification and Detection of Campylobacter jejuni and 
Campylobacter coli. 

<130> C. jejuni and C. coli Application 

<140> 
<141> 

<160> 10 

<11Q> Patentln Ver . 2.0 

<210> 1 
<211> 4 0 
<212> DNA 

<:2ia> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for SDA 
of C. jejuni and C. coli 

<400> 1 

cgattccgct ccagacttct cgggcaggat ggttttggtt 40 

<2L0> 2 

<211> 39 

<212> DNA 

c213> Artificial Sequence 
<220> 

<223p Description of Artificial Sequence ; Primer for SDA 
of C. jejuni and C. coli 

<400> 2 

cgattccgct ccagacttct cgggcaggat ggttttggt 3 9 

<210> 3 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for SDA 
of C. jejuni and C. coli 
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<400> 3 

cgattccgct ccagacttct cgggcaggat ggttttgg 38 

<210> 4 
<211> 42 
<212> DNA 

<213> Artificial Sequence 

<220> 

c22 3> Description of Artificial Sequence ; Primer for SDA 
of C. jejuni and C. coli 

<400> 4 

accgcatcga atgcatgtct cggggaagta cctacaaatt ct 4 2 

<210> 5 

<211> 41 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for SDA 
of C. jejuni and C. coli 

<*QQ> S 

accgcatcga atgcatgtct cgggaagtac ctacaaattc t 41 

<210> 6 

<211> 40 

<212> DNA * 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer for SDA 
of C jejuni and C. coli 

<400> 6 

accgcatcga atgcatgtct cgggagtacc tacaaattct 40 

<210> 7 
<211> 16 '' 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Bumper for SDA 
for C. jejuni and C. coli 

<40D> 7 

acaggagttt ttggtt 16 



<2io> a 
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<2ii> as 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Bumper for SDA 
for C. jejuni and C. coli 

<400> 8 

aataggtgta gctgc 15 

<210> 9 
«211> 17 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Detector Probe 
for SDA for C. jejuni and C. coli 

<400> 9 

ggttagttta taaCact 17 

<210> 10 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<222> Description -of - Artificial Sequence: Detector Probe 
for SDA for C. jejuni and C. coli 

<400> 10 

ctagtttttg atttttagt 19 



1 j tosfrxracfr 

ABSTRACT 

Amplification primers and methods for specific amplification and detection of a 
Campylobacter jejuni and C. coli target are disclosed. The primer-target binding sequences are 
useful for amplification and detection of C jejuni and C. coli target in a variety of amplification 
5 and detection reactions. 
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(54) jj>Ha/\^^ • S^x^a.— (C ampy 1 o b a c t e r j e j u n i ) fe«ktfcfr>fc!ttr? 

— -ay (Campylobactercoli) O^flS&^D^il 

(57) imm came*) 

[II] a**<D*>trn/<?$- • vxya-(C 
ampyiobacter jejuni) fc > tf P/^ £ — ■ =] 'J (C 

ampyiobacter col i) CD#^c7)^^^^j^t"^o 

C.i?ii?a- (C. jejuni) fccfctfC. =1 
! J (C. coii) »W*»*Mlcitfl[L. 

(G. jejuni) fc£l/C. 3'J (C. coii) SW£iS«L 
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[«*«U AL46 (EM»*1) . AL44 (B9J** 
2) % AL42 (E9li«3) . AR48 (iS^iJS^-4) % AR44 
(EWf#5) fc«fctfAR42 (E*U»*6) 0tttfttt£B9iJ 
b ft 6S«*;K«»««*E5iJ <b . flEKStti:: 

^ Ko 

[Iff*il2] ifWKl£lCj&»ftEMtf. ««Slil*B* 
[r:©J|lx> K*<? UT— tflCcfcor^^^^Attbtt^ 
#J»x> Kx* BBIWttT*-BIII*ai ICES 

C0;*-U zf*£ Ko 

[»«3I3] BL42 (E5"i*#7) *fel*BR42 (B9JS 
-§-8) frbft&^Ua^U^Ko 

[»**4] DL52 (ie^iJ#^-9) . EOT*#9lcffltiM 
ftaBL DR48 (E5U*#10) fc«fcl/E5U#*10i::*ltltKl 

[»*3«5] a) AL46 (B9HHH) . AL44 (BMV* 
2) fcJ:lML42 (B*US*3) ^bftSS^bltRSW 

b) AR48 (E*i]S*4) % AR44 <IE?iJS^5) fc£l>*AR42 
(EM1§6) fr&ft4»frSS«*ft*1«&±(D^ 

*T "7— it. 

c) -efc«BL42 (EHff7) fc«£l>*BR42 (EM 
#^8) 

d) DL52 (1BM1§9) . E9J«#9frffi«fi«|«tttt. DR4 
8 (iE^JS^IO) fccfctfBM*#10lcffittWfta»*^ 

tts»^6a«*tt*iajsi±cDaa3fflEMt**^ 

ft**--/ ho 

[If*il6] ai#(DC.yxvaz (C. jejuni) * 
fcttC. =J«J (G. coli) <Dff£<D^M£^&^£fc#><D 

a) mitii^I^/^icfeUT~^^^M^ : 7^^-~^Mffi 

jb<AL46 (EMHD . AL44 (E5>]f*2) fccfcl/ 
AL42 (E«f«) fr&ft«Wfr€>S«S*U %2<0^=y 

^AR48 (EJ>I»4) % AR44 (B*U##5) 
AR42 (E9JS46) ^&448^6IR*h4Xf^^ 

b) itMsttfcffacDttKattsttai^ix^^^tt^ 

ii«S*lfc**<oaaaA<C. vx yii (C. jejun 
i) j3itfC.3'J (C. coli) C0#S$^*g-^;£ o 

[it ^xi 7 ] it« s *ifcWEaaa» saus r * x ^ 
9) . wzmwm\zmmte&m. dr48 cem»#io) & 

£ EM»#1 OlcSMMftaife* b ft 4 »fr b SIR * ti 

r*ite*ix4ii*fli6irE«a)*fto 



[|f*il9] C. viva- (C. jejuni) fcJ^tfC. a 
U (C. coli) ©WWttKEMSitWf 4fcftO*a^ 

a) i) AL46 (EJIJWI) % AL44 (E5B»*2) fcAtfAL 
42 (EJHW3) ©«Mtt*EW3&^ft*»^&SK* 
*t*«MIS*EWt. fflKSRdcfcy* JtMJRJCiCi^s 
ftiE^ij <ir ^ b ft £ b SIR $ *i h Ml (7)4141 ^ ^ -f "7 

ii) AR48 (EWi*4) , AR44 (E9I145) fccfctfAR42 
(E«»*6) a>4mtt*EMfr&ft«fffr&SK£*L 
4«Wtt*EMi:, ff«S«l3cfcy, SfiKCigSft 
E5»Jt^6ft4W20>itB^-<'7— i £aMI=/W:7 
'J£V-tf— va >t^Xf77<h, 

b) /N^^U^^if-va >Lfrmifc N cfcl>'m2^ii*I^ 

S«»a»EWlz#*aFii'*c: ) tlc«*:or. tl 

mmmm % mm? 6xf*;?tttt?»4. 

£ b (c*t?»*9l9lcE«a)^Sfeo 
[»*91 1] ftffl^P — ^3&<. aHiW1JBftaMT?« 
M LfcDL52 (E?"J»*9) £f-(£DR48 (EM«10) ^ 
bft^If^xl10(cf£K(X)S";S o 

[^0jcDeaftiffi0j] 

[00 0 1 ] feg^g 
*IPJf3:. >t°P/^ ■ vx (Cam 

pylobacter jejuni) fc <fc U'^i >fcf P/<^ ■ rj U (Cam 
pylobacter col i) <D$£l±(D^ JBtSflftt" &tzib(Dj5mz 
m-t& 0 *»BHG>*»I*. »*L<I*. llS^ite (St 
rand Displacement Amplification (SDA) ) N $?^t4il 
S^iffl 3 ! (thermophilic Strand Displacement Amp I if i 
cation (tSDA) ) 'J TJU* AtSDA<Dlia<7) 

TL-f^iLtC. viva- (C. jejuni) fc£U*C. 
=3 U (C. coli) fl)X-^-t*v KvAX^— tf(sod 

[0002] %B%(pmm 

C. vxva.— (C. jejuni) fc«fctfC. 3 U (C. coli) it 

ffl5iftaaiSnr«gic-r*3**ftawT?SD4o ^^r. a 

Kitffll*. C.yiva™ (C. jejuni) fcJ:l/C. =i U 

(c. con) (Dffl*ftaaia3«i:ufi^ft*RriiBicrs*M 

I*. X— ^**> KyxA*— if (sodB) Se^OC. 
vxva.- (C. jejuni) »*W««fcJ:tfC. a U (C. 

com) »*w«*a)a»ii«fc<fct;ataf=Sffl-e**o 
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t^CyxvaZ (C. jejuni) fccfcU'C. =3 U (C. coi 
[0 0 0 3] J5lT(DfflHtt*W*B»l-J3l x TJ2lT<Z)«fe5 

y-f -if— va VLfc&l:::^^— £#*^&C<!:lw<fc 
otlWiEMiiBtSfc^^^T-tfcio UNI 

y, *?^l< i^ii«^i5-50K<7 K-e** 0 sda 

*IB£iJ) It, »^JIS^JCD3' sfcMBd/W ?v Sf-f -tf—va 

y> its^-f v-iz/x-r $r-r -e— >3>a)»*tt 

^4^^o SDAiiMB^-i' £b(c N SMfg^IB 
*»J«x> K5^^ 1/7- tf5 f (DB«»ffi** 
t?o BW»fi(*. ^*;U*-*(G. Walker) b (1992. P 
roc. Natl. Acad Sci. USA 89: 392~396&£t>*1992 Nu 
cl. Acids Res. 20:1691-1696) [z £ o TEttStlTt^ 
B»»tt3&<#*jfe**t4»*ic. DNA~Mb 

-tfCDfc^-efe^o fiJP!x> K3*£ U7— ^iK!»S^^ft0>5 , 

sfc** ( rT—;uj ) (*, itw^^-f -7— (Day^SDA* 

0'J S>^«ffiliSDARfS£#«S-e\ H»W# 

(4. «*ft10-253?^U^K-Cft*o x~;u 

**U aSE*ix#4o »»»*EMf*. *»©«»tt« 

5o $IxJ£\ Tpy 4f3*llSlC (Polymerase Chain 

Reaction (PCR) ) Lfc*»fflic J:4«WiBWa) 

EW^&«:4»5e<r)li«^^T--SttS-r4o x«/$ 
SAtt^^t^RTffi^WJKx^ b*E««ffi 
fccfcl/SDA(DT— ;UJsl^fcaM(c#ttl**L*HB5»I (01*. 
[£\ gEL^^ig^i^iS (Seif-Sustained Sequence Re 
plication (3SR) ) . KKiBMS^-X i Lfcii« (Nu 
cleic Acid Sequence-Based Amplification (NASBA) ) 
^yrl*$s¥^^— X£ Lfciffiv'XirA (Transcr ipt io 
n-Based Amplification System (TAS) ) CDRNAtKU ^ 

»5E(BiB5illi. ^^^-(D/n^^'J 2V if— va 

[0 0 0 4] /\>/\~-^^-f ftfJb^^ffli^^^ 



[0 0 0 5] awSfefiSWiB^JirL^ffiif^. 

mmfcmz&r>Tm&$ti%7€<bm.m<D^ t?-<n-ij<D 

<f 3?y ^V-tz-va >t4EM0)a fc?-£$=rr5 t ^ 

[0006] mm&m&mizftmzh&mfommo^e 
-it, mmm^. T>z?w-i£tzitT^yt)^>tw 

[o o o 7] w&mwt Commit* ^^t—q/w 
? y *y iz- v a > fc j: if mm t l r mmmm scse l 

[0 0 0 8] a»*W<tt^affiHI*^ H CM^tecofl^ 

[0 0 0 9] T^-iz-f ^P — ^irL^dffilif*^ 
3?\ *S r -D-J=y^^~, IIT'P-^ v^ti^7 

[0010] 7>^'j =3 isti^mwt. mmzf"y^^ 
&mir&??j^-o-jjtmifimmiz/U7-i)?ji? 

[001 1] 7^Pibna-^7W itztzlt 
(DC) ^Ahmll^WT^o ft^^a*C0*@(*. ^J^$ 

[ooi 2] TU-<^fc[4^ h y ^<7X(4g«±o)&« 
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75{!(DiS[I]-e fe o T t, & 

[0013] (*fcf*«fl«Mb) I*. ttJI 

Bt4uitfi?#5o T^£p^y:7±<DK«»tt*fc 

»«Lfc^P — 3T(*lEI=««Lfc»ttl=a^lc*» 
?-f^of7^»Ls giHKDDNA^P — ^<B9J 
13. »*Wlc|**LfcDNA^n — U-fj&<7-f ^ P 

»a^p-^»*Twictt«**r**fi**ffl^*t. 

5 man. ^yy<Dmmm±\zw^mz/ijT*%frif 

<DS-»s-7-r^p^^^<oft4tt«3&^6aija)ffi«fc«L 
flits^^ p^^cd^^i^o ri?fii:/W7 
x^*Mt*j I*. 7 ^ □ f ^icftft 1 

P5^;/^<Bft*ffi«(cfl^3* L < teftSfe 
«^ b Sift 4 * {* ft 4 b SiJ tfMiSCiM L fi) It b 

coral izmftr* ^mp*f 4 c t tmm £ tir t ^ 

So 

A^&*tt*<0DNA*fctt#m*Wfte«ODNAS»ft-r4 
*ilCcfeor*tt**fcl4iW*W»«<DL^^J:*DNAS 

t»a^p-^6»arcRs-&« 0 m»»^(* 
B#Mtse*3&<»]»**L* 0 rfiiaifflffij ti^EHiA. 

[0 0 1 5] (electronic stringency 

control) It. /W *y-tf— va >»g(&-«li<h L 



T*»*fecfct;*»*W*l*DNASffljS^O»«lC|»* 

/w y-f Hf-s/g >5asa)p a B»3&<«s*tL. dnacd 

"T* Cilery* h*-Aftffi<&»SL tt»tt& 

Sfifc J: ftfS<B-#£ftDNABJrJt * S C * 

So *y«^^p--?s«fflf ictizcfey, mmyn 

±oMita5&^$igT-rSo -sr. ett»fc»MM/w 
?y ^v-tz-va >aai*fBfB*<Bit^fty > 

[0 0 1 6] m^F^^Milil (electronic uitiplexing) 
-V^{7 P^^^O^b^MlcHilOftt^T-CDBB* 

tf>K) fi^<0K«»tt*fl»irc»J«i-r4l6*I^J:oT» 
glc$*i£ 0 fi£S£a)DNATU-r±<7>fflfll[(*fflSyfc«|»T* 
^ft^CD-e. H-CDilfliSPtlAT L^£i*-C*56L#I+ 

4x«« b #i\ *§£m<D&mvitn : ¥-i:isimt' z> z t ic 

[0 0 1 7] ^BJCO^g 
*#§BJf^ C^ivii (C. jejuni) fccfctfC. =3 'J 
(C. coli) *r=*C^£**L4sodB«WEM*itiH|-rS 

v-^mitfSo $bicpa(ci^. mmw,m\t$Qdm&i 

RftifCDm^fcfeltSiS^)^. i£#Mtt±i*I(^t-<56lc^ 
W"**lf-3b<. -ttl&f*. ^*OSDA. 3SR^fe(4NASBAft 

«**L4«W0)Ty-fe-<*J*lc/\-f ^y y-f -fz— *>3 > 
t^t'J =T5?^7 U^-^ KT^iz-f ^P — ^f*. liastt 

[0018] *»W(D^y =r^^ K(*, 

(C. jejuni) fcJ:tfC.3'J (C. coli) 
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§PJ(D;t-y =r*^ u:t^ Kfccfctfr^-fe c. v 

(C. jejuni) fccfclXC. =3 U (C. coii) ffe 

cfc o x i § a # ttttxn y ic * tin * tz cfc y easw 

fc*ao)B§ft*i=lll#-r4»3e(Z>«iJBB*c:a)J:5 
icaac:^?- s - <b i*. fii^jBMG) 5 *> icas astro 

[0 0 19] EM*#1~3l*, C. vx (C. jejun 

i) fccfct/C. =j U (C. coli) <DsodBitfeT-CDi§*I<Df;:i56 

E«^ft4o !B5"Ja#4-6l4, Cyivii <C. jejun 
i) fcefcU'C =MJ (C. coii) <DsodB&e^<3)iB«0>fctf> 
(BTaE^-f i: LtttffltSt'J =f*$ U:t^ 

8(4, SDAi»«(DT3!E/<:/^— £ LtttffltSt'J^^ 
Utf K^J-efcio E£"]#-§-9~10(*. C.yiya 
- (G. jejuni) feitfC. =i U (C. coii) CDsodBate^ 

— ) (OEfl-Cfci. 

[0 0 2 0] jSBJjcpgffi&gjgjl 
##gBJl[*, ^MliffiSlSl^fcLNTC. vx ya- (C. jej 
uni) fc«fctfC. zi'J (C. coii) fcW»tt£^:*- 'J =f* 

C.vi9az (C. jejuni) 6itfC.3'J (C. coii) 0 



4o #£Ll^S*l*SDA* tSDA*fcf*±a— U 7;u*-f A 
a3tttSDASffiffl-r*^tT?i&4o dftktO^&l*. 

^Ati^ttTl^ pRHf#f^m5, 547, 861 *ltf#fF 
SB5. 648, 211# s *ffl*#itm5. 846, 726#fccfc 1^1997*5 
«30S(raffl**ifc*H»»tBIi*"*K08/865.675*3a: 

ffFM5, 605, 662-»j5«fctf*BWlMR. 632, 957-5§-Mtf|cPC 
Tffl«BB^IIB^**96/01836*fe*t;HW^H^«[K9 
7/1 2030## ^#Ki^b§Ifl:I^-efe-5o 

[0 0 2 1 ] ^B^CD^^-i'T— f«enBank^bA¥W 
W$*fJ AsodBdS^Tfftft **ifco C. yiyi- 

(C. jejuni) „ C. zi l J (C. coli) . ^g=i/\*<7£ — 
tfny (Helicobacter pylori) $S£lSXMm (Escheri 
chia coii) (DMZm £ J±t£ Lfc e GeneWorks V ? h ^ i7 

tEjau E9ia>amtt*3R«)fco Dummw&fr*. c. 

vxv3.il (C. jejuni) <tC. =i 'J (C. coli) (DUB Id* 
600ttS*St««(=:89S<7)ffl Htt « - 1 *<H ft * tifco 

§b^:7>^'j3 XDftttCDfctotO^'P — ^t^LT 

br- avmnuL cbsobd £T»tf l, h^s^e 

[0 0 2 2] 
[«1] 



AL46: 5'- CGATTCCGCTCC AGACT TCTCGGG CAGGA TGG7T7TGGTT(mm9& 1 ) 
AL44: 5'- CGATTCCGGTGGAGACT TCTCGGG CAGGA TGG TTTTGGTC iSffil WrM2.) 
AL42:5'~ CGATTGCGCTGCAGACT TCTCGGG CAGGA TGGTTTTGGiM^m^) 

AR48: 5'- ACCGCATCGAATGCATGT CTCGGG 04>4Gr>4CCr^C^/4 7 r rC7r(S^]*-8-4) 
AR42: 5'- ACCGGATGGAATGC ATGTGTCGGg>4>4 G TA CC TA CAAA TTC T{ R?U S ^ 5 ) 
AR42: 5'- ACCGCATCGAATGC ATGTCTGGQCa/4 GTACC TA CAAA TTCT{ K5U ##6) 

BL42: 5'- ACAGGAGTTTTTGGTT(ffi^JS#7) 

BR42: 5'- AATAGGTGTAGCTGC(R5«#^8) 

DL52: 5'- GGTTAGTTTATAATACT(R$)J##9) 
DR48: 5'- CTAGTTTTTGATTTTTAGT<E$*]##1 0) 



[0023] &mit. /\*f ^VHf—va >-f4fctf> 
lc«£fc«*tt*iBa£LfclVD-C. C. yiyi» (C. 
jejuni) <5rC. =i U (C. coii) Ic^MM^p — 3? fcjctf 
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locfcl/C. viva- (C. jejuni) tC. a »J (C. colt) 
C:4f Mtt * 3B £ fc ft ( z &m £ 9 \ -T ^ U y -f if- > 3 

[0 0 2 4] *BJ^fflS^rfcl^rgB^$4^Tl^^^^>r^ 

«fe-DTtta-r4c:i:A<-e#4o -^IfiiBaKfcl^r. /\ 
^7'J?>ft-va>!:J:ot (^ffi^P~^") . Walk 
erb (1992, Nucl. Acids Res. 22: 1691-1696) fc£o 

#«lCj:or (atti^-f^-) *fc'(*ttiffl»»»0 67 
8 582*(zfBt)c*tiTl^cfc 5 (c/\-f ^'J 5T-f -If — > 3 

< £*lo(&af«S*ifc7 ^n-y&i&m-t&z 
E«»#9fiJ:rflEW»#10f*, affl:^ 
-{7-, ^ C. vxvo.~ (C. jejuni) £C. a 
■J (C. coli) ^^Jil1-^fcft(7)*^BJc0iiijiI^^-rT 

/ar*4o »*l<(*. r^-b-f ^n-^(*. ifffi:?^ 
-f ^—OBBlcfc^WWOEMfc/W^g £Vif-v3 > 

[0025] r^iz^^p-^oatiiBrffiftaiBir*. a 
»ai(ow*«tt©i: Lti»*fettmi»»i:aia 

fB±«»-Cfc4cfe5I^ 7-;/iM^P — :7£tt**teHtt 
l*ift«»t?t»LTlfti:«):-3 r^tb-T £ d £ 

w«=aaa-r4^i:A<r*#*o rasMi^aspr*i^«mi^ 

•T*BiRa3J:t;aMILfc«F*Wfi:tt*«* fit 

fcttlaBIC) tf***i*a U*T>KI*. U#>KrSlttL 
Tc^'J a"*? K (II7P-^) £H*ll::|IISL 



Ttfy>ica^-r4^i:i-*orauiprffi) fc^i/i?^ 

3^9-9- tf^U*-* *>#— if*fcl*7;U:*J 'J t£*X ? T 
* — tffcifa>B** (*feLfc£J6±rttt£j6£-r*B* 
^M^^nTS^lc^oT^ft^Bg) 35<**ix«o 

[0026] ««-r*c4:3&«-e***ii»3fl:atB*aa> 

*Emi¥*5. 470, 723^(cfEt££*iTl^ 

^>fc«ai^p— ^tej:i/B*«*aui^p— 
Lraiiii*ii*is8itB-r*<b****a3&<#**i4o -*i 

b20CDT^-iz-<^P — ^^«MlS5lJ<OT^42-f«*<D 

-f ^U^-f-tf— >g >Lfc«l=. tt^ftfiffla^p-^ 
WotXh L/7h7t + y>^lLf:7^^P^-f^ 

-^-ri^^ti^o *i«*tt*ai±if ur. g£ 

«»W*0 678582#lcEtt**irL^4->^-*-;u^-f "7 
— £SDAj£)Sl::aD*ri<fcl^ Cia>*JSffi«ri** flltt 

Lr^ffi-r^ct^r^^o 

[0027] rtr«E±m!«rc-r*fc«>r^ «K*1»*Mic 
rassstLrtcfei^o ccd^o**^ m**«c 

«Kllii«5C&£Xtt a r«/bAa)KX$«ni*ll 

ft<7)isissi^»^ff*[ciD^r. a*©e*(ca»**L 
So «?ttf. r^-tr-r ^p— ?t LT&mir&cDiz&m 

[oo2 8] iiB^^-fT-ajwftttfrie^jJi. 7N;=f 
»**flEfflLrtbtt»isar*j£**L4) . 3sr. nasba 

fccfct/TASJScbfCDfficD^KltW^P ha— ;KCt*fflr 

iw/w^ u y-/ if- v 3 iinj t l r ane^j $ 

isffl Lfc -J=? -f ^?— (0#*fc cfc a»HBW^ b (D#*SI 

flBCD^jstsfciiBasfeffl-rssflcajJia^p ha-;u 
(4\ pcr) . mm^^>(^~\%m\zmm-t^m%m-j^^ 
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^—(DmtfM^Km t£ b £ £ Z t *<-e # £ o 
[0 0 2 9] a«Lfc*«Si6*Slllfi-r*a>lCi&*3S:«6 

I*. SDASJ£<DIHlcn 7^5AtibM«x> 

U T — IfBsoB I ® BNfcflSffi J^LtUL^ gfcitl WW 

mo 684 3}s^\zm^^tix i^mmuiii^-sty^ z.^i 

6gx> K*^ l^T— ffE»ffl{St*BsoBIEBlffl<ii:XSI 

£ c H»l:: % iiM^-f^— <0t— JUE5U (*IKx>K 
3*^7 1/7- \fmmW±<D5' flj) [*-8SlcMS"CI**t> 

sDAicisffl-r zmmmzts & utti b s ^fin^ 

■tf— >-T4ie5iJ(±i8(t&ix4^*T?a&4o &oT. 
SDAtf>/r#)CDl^< O^CDiWi^-f 143' ibwafttt 

3*^ U7~ ifI£Ii3$&(D5' 5KJB<Z>«[«»10-'2555^ U^" 

(4. SDAJElSlc&gfcE^JT'&So ffi^flMBSJS-CI* 

(#Jx.f*\ 3SR N NASBAfecfetfTAS) VIZ, VM?^*-? 
-(*8iR L fcii«SJ£lCi&»)S:a»tt*iajiJ 33 J: tfiiaa 
(DEJlJ^&JSroTtcfcU ±R<DSDMz&9# 
mm$itzlZ3SR<Dtzib<DRM7\ii) * ^— iffcj: o TliJIfS^ 
ti^P^E— o *ftWO>«»«*lBW*SDAJan 

*• tot, *s§Ko)iiWjs*ia9Jji*. m&. 

a^0)ii«SlSl3j3tt«C. vx 5iz (G. jejuni) £ 
C. a'J (G. coli) {z^WS^Jii^IfccfctX^^fc^l, 

[0 0 3 0] SDAtM*. Zf^^f V — liT?S«7)I 

»iiMii«^-<v-s«»-r«ftffltt-*a>-i?. lift 

>££ti£ 0 lot, ^<7~<B««<DEMf* 

ffS(D#^jie?ij^b^^^rt^^o /<>/*-^-f 

7— fiWJIftff HE9J t/W? 'J £V -if - v 3 >-T * d 



[0 0 3 1 ] *ttfflLfcii*Sl£ 
(4. 0^)^i3— (Walker) 6 (1992. Nucl. Acids Res. 

20: 1691-1696) \z£ oTg^£;ft£ J: z> \Z¥ 5 >£aj| 
Ati^i:^*, *fc(*«7Ltf»#H»»K0 624 643 

^igTt"-i)fc^fc s j*j£fz^T2'-^:t^>^U v> 
5' - HJ h <hTTP£ £±T* L < 

Szt35<-e#4o du wuvv) f*iiiSiniA$ 

*U ^ v;UDNA^U =) v^-- If (UDG) T?«k«f«Ci: 

ffi±-tztz&\z^ *o&<Dm«£%9im-t&mz % 

[0 0 3 2] SDA(4s ^7^fT-0M, 4£^^$ijpgx 

R«W6§o SDAI4. 1) 2*«B»/«]»rffltta)^ 
5 *X* P ^^x- h»fflO*3ca!«lC x ^ ^7 $ Atl^ 

X^^^b^^o 1) 5£0)«»E«*fcl4J51fricl:* 

2) ff-ftft ^v5(^ Utv K h U 7^X7 h 
(a-tt. dNTP) ^^^^5* -3' x^V^^UT— tf 

^«7t>°» j ^ ^— t£iz&&y=?<<c?-<D#m. 3) 4^a^^2 
*«»JK«fit^a)x^*>^ 4) - V vn\tfrh<nm 

U ^ ^-^{cJ:^x^^■>/7CD3 , ^S^bCO#Si:STfc 

${£ffi-r^^^(c(4. *co#>5?f42*«a»E5ija)2*a) 
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m^izit. \^mt£ift<y^^^'-wm(Dmmt lx 

x> K*^ U7— tftf)#jl*. HincIL Hindi L Aval. Nc 
ilfecfcUfFnu4HI-efc4o Clix6G)*JKx> K5?^ UT— 

>K^^u7- -tf i*. fit*(0SDAizttffl-i-4a>ic»ii-e 

[0 0 3 3] SDA[cJ:Sit*B(D«M(*. WWaBOTSfllK 
L&l>x> tf|Ccb**JBI=J:or J: y*# 

«f Jt ft-f S C £ iz £ o TMt S c <h *<f # 
6o LfrU Walker bs (1992. NucL Acids Res. 20: 

1691-1 696) [C cfc o T fc * *B»MF»5. 270, 1 84# 

Lx^mmizm^xtihD^xi^) leaser 

*ycto<DS«**ifc*IKx> 1/7- tfBKffltt/ 

Icl44o0)^-f "7— ^-ttLlc/W^U £V*f-~v3 > 
"T^o ^-Y^r— <22o (SiJ3J:UPS2) teSDAifiH^-f 
•7— T?fcy. 2o CBi fccfct>'B2) (±*MI$-f 
— :^-f ^--T'foSo Si j3efctfS2l*«IIMBBWI^P»«"r4 

2*«a»<D»n*ic«*-r*. Biisj:tfB2i** 

yKh'J^7i-»h 2'-ft^>7f/v 
>5'-0- (1-fth'J*X7i-h) . TdATPofSj ) (X) 
#STIifet^x+V^^ 1/7- tf^a^U * : 7— tf£ 

$1 fc £ t/S2<0#*a«H*Bi fc £ l/B20)#*l- 

-a>«»s*Lfci*«i#«*»tt. »««<D**J3«fctf 

(«jtl*. Si(D#«M|i»II*S2fccfet;B2l^«*"r*) o * 
©#*fc*lf«»i#-^^;H-«feoT, 2o<D2*«aaifi 
jt(*#*SlcfclNT9JPlx> L/7— tfB»/«JW 

ffltt*^a*Stt4o Ctie>l*SDAlcJ:Siii|fCDfctoCD 
»a«:»Jl-eft4o SDAi:|B]»{c s «Mffc«£(S<Dffl* 
(Z)X J r^^ , l*B»i3«*:tfa«*MI^±i:-C. SDAfzfcl^T 
©I PIP* lz £ o T x v >j £ Aft 6 (D (Cj&JIftBIK/WWr 
@BW**flB(=*^4aiMlBMSft»-r«- SDA^j£cDj£ 
»<D±T(4^^«c»Wffi»JRlE*I=#SE"r4<Z)-tf. Sift 
«t\ il««(=ft«*hfc»ME5<*<SDA*-i F ^;u(cA 

y, mmzti&o 

[0 0 3 4] m(D&<n<T)m§M]£%\z£&$M&!fc&3cM 
dJTPamt) y ddUTP^SDAifiHDNAI::* AlT 4 C <h ^"C # 



£ G -%l^X\ ^ vVUDNA^U a v^— tf (UDG) fcj:£ 

112ft. ^tt<b£ftt#£ 0 Sot, KrcOjEiCfcfi^r 
dUTP*<SDA-it«DNAlz» A £ ft £ <h . *(D*<D I ft 5S 
DASIiS*2*«a»<Dii«<0«ri^UDG-effla*4x. wi^±i 
^I^tlfc^l^CDdU^^Wt'^l^N^^DNA^it^W^ 
(c£ft£ 0 «(Ott(DjSl£-eiill$tt«ffKlDNAttdU«* 
^i±"Ts UDG&3IlcJ;oT§£#£ft&t^ *l*T?UDGI*fl| 
M(Dii«(Dll(ricUGlT?a)fflai3j;orES**i»4o * 
fcli. UDGttRKCcfeo-C'FSttfc^tiTt.kl^ tSDATr 
I*. <fc y K;ftG)JRl£*« (^50°C) ^BtlcffifflLT. 

[0 0 3 5] SDA(£. 5' -3' 1/7- tfStt£* 
1L, 2*«aK(D1*<D«a)-y^fflttlci3^Tjl** 

»-r*7Ku >^— tf^i&Bt-rio ^ 0, j^7- tfttx^ 

l/^-^ KSjeStCDS* -OHirttJn-r £ - £ iCctotM L 
tet+titfft&ftl^ SDAJxl££SSfcl^£^<&[rl£. ii 

^yotis0Sffe^ii^m^t'4ct^#4o mm^ 
mtmrn^mziMMxh^o ^-cD^^f*. ««gtt*<sii 

H»Mftii«RJ6lCil3l>rlK2<Dii«^-r"7— A^/N-f 

^ 'j -tf- v a >-r c <h * ^ 1 *«a#«s#i s 
*i ii 1 1 sa * s s i± ^ co 1 1 x ^ > 7 ft m tz t S X* fc S o 

[0 0 3 6] tSDAI*. Walker^, (1992. Proc. Nati. 
Acad. Sci. USA89:392-396fc<fctf 1992. NucL Acids Re 
s. 20:1691-1696) lcJ:oTia«t*4x"CU>4«£*a)SDAa) 

ii]Pix> kk^ L/7— ifomt^iz^^x^mmzmM^ 

|c$f5i^S;^l^lS^^ft> Hind ifi]Plx> U7- 
*BM/«IBr«til*ail?Lfcl»SEttx> K5ti7 1/7™ 
-tfO)iBMS«C*l»x> K^^ 1^7— lfBM/«I»ffltt^<fc 
oTSJt^ti^o *fc, r 7^;u^~~ (Walker) StHi; 

tSDAlc«ffl-T4(Drc»*LC^I«x> K5?9 1/7 
— tfliBsrk BstNL BsmAL Bsi !fccfcl>*BsoBI (Xa.— 
-f > K/N-f^-^^X (NewEngland BioLabs) ) fc 

cfcl/BstOI (7p^* (Promega) ) Trfe-So $?^Ll>*f 
JftttTKU ^ ^— tfl^Bca (/O^x^ (Panvera) ) fccfc 
l>*Bst (~a-^>^'7>K/Wt7^X (New England 
BioLabs) ) tfe^o 

[0 0 3 7] ij 7;u^ A^^fetSDA (Homogenous r 
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ea! time fluorescent tSDA) tetSDAcT^SMTr 
ffiTTU n*^ K*ttffl-*"4o With* 1 ) l<jr 

**»*fl^jaLfc-*«»a>i:#I5 CL (unfolding). 
* fc I£ii§t*Hb (*smiW<& jell £±i Ls £;B3tt S -frfc 

7— tfBKffltt (RERS) £2*HHbU »]Rx>K*$ 
UT— iz'lCcfc oT^©rpIfl8*ycl4- ^ £ £ A^S Z <h * 
Wt^f RERSI42o<Dlft»<DrJlfz#ffi-r4o 
©jpix> U7— -Ific«fe4«j«ff*fcl*-^*>yi* 

leftist*. Safe/^^-^-OHjlfcft^b («*. 

^-tz^«-a*»*(©jEfccfey-»ic*:#i^6-eft 

[0 0 3 8] J$— U T;U^ -f A^tSDAcT^ft:*- ! J 

^7 u^-^ KlciifSSfifc K±— /7**:7*-Sm»£ 
-a fro ^"U =T*2 u;*^ K<Z)tt)KI** DNAxJi b 

fcI41*t»DNA0)7txX* vxXT-;Utt*S«Ii!fr4 d £ $ 
[0 0 3 9] J*|-iJT;U*-f A»*tSDAO)fci()a>**W 



/W ^-f -tf-va >lc«fflpTffi-ca5*Zi:S*i*-r 

■T4*ia)ia5ija)±rtL<r*-»**^*«fe<. - 

U^-T K(Z)«M«*iBM36<1*«3 , «T'— Lt#6 

^4EM(D»2<D7-Alcte#*Lfcl^ *f 

fljftir / u y u y-f -tf - v a >"T * x t £<~e # 4 x*« 

[0 0 4 0] «l«EJ£(caSJta-r4»*l=(4, *^0^^a 
Ui^j-U =T^<7 Kv^l/^-f ^r— (4. -hiBCDcfc 

:7U ^v-if-va >fccfer;#*iCckor2*« 
its- 1 c^*fci*t»tt<b l, isffl sico'&jair * o 
«r=ay. »jkx>k5?^ut— tfi^j:or«i»rprffi* 

fc r* x »y * > ^ S tL S c <k 3i< pfffil - a * o x %«|it 

(4jS^^b S *i€» <Z)T? . K^— <h T ^ -tr ^ ^ — «»Pdl (DIE 

K-t— *fcf*T^ -tr — if b *^aft(DHil 

ttttffl-T « CiA^tio RERSCDt^ir^fc 
OlZ-mz. 2*«L(DX*ii(Ba«|(D2oa)9Ja(E)BJfJ ! iS' 
ifIL, «-/?(42O0)»*4<D-»A<aa-r*Xi:CCcko 
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7 -tz — »*3»a<D«T(*. Ct 1*4 

m<Dtt&mttLXtk&£ti&zt%x£% 0 
i^SstOtibfi, a) z:*«atS««ft*fcI*i:#I5 

L©mra>«ai^- u 3** ^ k<& k-*-— a>S3fca<D« 

[004 1 ] **W<Z>aai* U 3*5? ^7 b:t^ SDA 
m^fc. ffe<0^Y^-#*iilI#SS PCR. 3 

SR. TMA^frteNASBA) (Dv^l/^-f 7-tlt«ffl 
■t&tzSb icacS-r 4 c 4: *><-e # * c it j&<W b rtMcfc 4 0 

*^B^cD*;£tt. PCRlcfc^TPCRillii:/^^ 
— fecfel/S' ->3' x*yx$ b7- -tf Stt 4«« 
&DNAtPJ>^ — tf Zfntii (Promega) ttM 

VK/W^^tKX (New England BioLabs) ttMcDexcr 
Ventt L < liexcr Deep Vent) 4 C t \Z £ -o X 

2*f8Hb**i4o PCRTfte. RERS(D«»f-C?[4a<-^*> 
RERSt&UJ^U a^^Utf Kdttffi-T ifca&fcffiti:: 

£tl4 D Lv6 N L x PCRSJB(D*affiSaUTStt*JKI» 
LT^4#f»t£»J»x:/ iff*. ±i*I^#£t 

t'StJBftfU 'J/W-fAT^iz-f^Wo SDA:>X 

[0 0 4 2] tttB*-U =f*2 KO)i:*rSCL*fc 

it. &&t-&mn<DMmm.iz^T<n*&m&tzitMm 



m ztzsbiz&m-t&zt # 4 0 «>] *. 

ft mmmmcD-^t Lx^tzmmm^^mz^ 
x) \t, mji(DnMm%^-tibCDxfo& 0 isitLts 

iRLtzmmz&vmmzwm-f% mztzz 

iCiE^lUSrWMt LT«ffl-*- 4£#. 7 

*fc* Sf^igM4 3 ^^^/^^--^--(D^jb^S(4. S 

to(o«w»3&< £ y '> * 1 *m*4 fc it« l r mi) commmt< 

tttm-t&ztlzk-DX^sh^ti&o 

[0 0 4 3] *«W<D*aiCj:*aiRLfcSIWBBM(D# 
t«Ct^t« 0 fttt^-U 33? <7 u*-tf k^^^-t -7 

a+-e*tS-r«ct36<-e#*36< (0i]^f4\ ^-'J7i^ 

tBT^Hz-ftc. »Ic»a-Cfc4 0 Hffl7^4z-f "CI*. It 

fcu^-'j =f3?>7 ki4. aais±flj5Dft»asffifflL 

li. t^^VSaBILfcttta^'Jzf^^ U^"^ KI4, 7 

\zi>>%&mLtzmmzm%.it?z>zttfT*$. 

U ^^X/N>f3?y y-f Hf— *>3 >yXfAt'felio 
[0 0 4 4] ^fctotDSSIS^Py^S 

-tf- i> a > v X if 1 A OD mmt L fc ^ ffi 14 UTF f c IBS $ *i 

mm^(Dmm**smiz?&tf, um^t'cDx^i^m^ 
wfimmzmmmf&Ltj:^&?izir£ 0 mmmit. mm 

l=it«««-r 4 d ct lz £ o r DNA(r*-r * t SfetL 4 « 

^b^W^M^^C^LNcfcdlc^^o SiSBl*. 

iz s *a^(DDNAa)5i*«:#»JIM»**Sl±3S:U^cb3 



(11) 



ft!! 2000-31 6590 



*j4\ -;£<Dma£iEi::u t a-s^ma^mi^^ 

KI*«1(D«airffifi-r4«*llIc#fe**S*f 4o 
[0 0 4 6] VftifclkMttMftl** -m\z. Irttll 

IrSS fc £ UV ^ > II £ if CD * <£> W*'4 £ # »f 4 lis? H 

BE(*I5(S1.27|f;u hcfcy*:#lv&\ *fcl**Ll\ 
[0 0 4 7] S*jS-r4«a*»!--*"4c: tlCcfcoT&S 
Sfic*35:i%tt*ll*«B|-r*ci:3&<prlB-efc4o -tt 

*sic»*ii^6!isi(Z)«afc«a-r*«*if»iR!icK 

[0 0 4 8] CICO^CD 1 OO^fty#fij3&<**(*. iWI 
SL Tli<Dm^S«(4ja;;fi (DC) ^- K"C«ffiL«l+4 



[0 0 4 9] a*Ll*RJ6M*7Lfc&* 
«ft*»*(D**tt*llC0*»*Wtt*W»(c*J«li-4 

i»*-r«©ic+»<i:««t»fiir*fc«>^. wstona. 
* hum r * c 1 3&«-e * « o 

[0 0 5 0] ^^(4II^C0iS^Jl{rfe^T¥^TLT, * 

oTl6ai**L«A:JS*5*i4o CCD^;£TM4. Xt8A9$ 
4s *fc(*tt(Dli*!lfc»il|-r*Ci:36<-C#«. Sfc 
ItK*Bt4Ct^l?*-6. *J!ft«R-r 

y«<aati*jia*ct3&«fc44:^ajftT?r*. m*<n 

[0 0 5 1 ] ™^pJ4§{cfclNT. ililH(4Ttf v>S 
tSL, SDA^^^T~CD-^(4e^^>^#Wr4o 

-f-tf— *>3 >^i±4o <^L N Tv /\-f ^Vif— va > 
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^iiOLt, T>^'J =3 ><h/W y f ) ^V-tz — va 
[0 0 5 2] 31U^ hP-7^T^f ^ P7b-f fccfctfli 

(1997, *B»tt»5, 605. 662* : 1997. *H«fW*5. 6 
82, 957-§- ; 1997. PCTtBIIBIS^BB^«l*97/12030#) 
fc£tfSosnowski 6 (1998, PCTfcti«HIB4*l!B^«W98/1 
0273#) iCfcoTEHSlir^i. 

[0 0 5 3] *fc % L>< 07^(7)7 SD 

09/ (♦8&Br»I»#iS235/139#) Ci^^Ht 

ISl7P~^7b^i:lMl:;ii^, iSWSSl 

■J 3 :70>/W 7U^iz'-y3 >tt, 1 

tf»«S*v6i:* »a**if=»TI*. 

[0054] cia)UiiuciE«aF*iri^«»2a>*ft»« 

(*ffi(Dit«*aicffiffl * ft 3 o m^Ms W ? 'J *V -tf- 
va>JffifflLt, »S#^£HS*ftfcSDA^-f T 
— [c/W 7fU y-fif— va >t^ 0 v-r^P^ 

^^->3>t^c Cft&tDSfcMffi*!** (a) if 

lif^xu? hp- PTU-f±-e3IJ££ftTfr 

b»WTf#4. *frf* (b) it*l*»»*^*lfi**U 
SU^fftfxb^ hPr.7^7<^P7b-f±ti» 

[0 0 5 5] H jffifllj 



LTL^4o fe35^fc* «*: 5 

* <7) 15 SI F*3 T? fc -5 t # b ft 4 o 
[0 0 5 6] fliljl 

SCEf*. C. yiviz (C. jejuni) «^DNA(D106y / 

^^M^^^^^^^••r4llfK;S4 3 -e52 0 c(c:fet^r^ 
Lfco 30-40 mM'J >M±i U^A (pH 7.6) % 5-9 %+f 
UtPHk 3-7|y^f^X^vK (DMSO) . 5 m 
Mp|£v^*v^A, 700 ngCDt hteSSDNA. 10 jj gCDP 
^bOvi&;f T;utf 5 1. 82%<D h U/\p™X. 0.36 
mM(0vftXU^ I — 500 nMCDtSDA^ << V — s 50 

nM(DSDA/\>/S~^^-YT-~, 0.25 mMtDdUTP. 0.7 mM 
(D2' -"rj-^isis^it^ 5* -0- t h'J*X7x- 

h) s 0. 1 mMfldATP. 0.1 mM(DdGTPj3cfct/«640i|lffia)B 
soB i cfe tf40J«£<&Bst7K >J * =? — if 0 

[0 0 5 7] mmirl^sj-f ^i:. 95°C(cte^r5»fH« 

va >l*£;*lcm*T20#Nl#|*U *fc«^-f 5> 
<?<D^mfe : £&'Nz-r&tztsblz^ O^ri^- va 
70°Clcfc^TlO»P a 1HlfiLfco iiffiftiS^* 

^^^^^-rc ( }:{r c ]:or52 0 cicfc^riifiii^§i^L 

fee ±ii|)I(*52 0 CCD--^;^fCfc^T1Btr s 1^L^o P^2 
aMatti Ifi^iJ t? fe 4 B JiJ i o^i^r77«<7~^ 
#*L. 8%SEtttt7K'JT^'j;U7 5 Kfi^l^iLt 

[0 0 5 8] ^]2 

2£e«»*5£m>TSDA£«ffiLfco SPEfefcUO. 
102 x 103 x 104^fr(^l05yy A^sCDtl^DNA^^Ox. 

fc. 102»tt(D#*f**36<»&*tfco 
[005 9] 0I|3 

flnjiirE«-rsEW#*i . @a^ijs^-7te 

«fcyB?llf*8t«fflL, 30 mM U >K* 'J 9%^ 

SBflBLfc. 34t(DC.yxya- (C. jejuni) ti&tf 
C. a«J (C. coli) *JRCSftfcyi05yy AS*-eK»L 
(«2) o 34*^r^KffiLfc«*tt100%(c»LriE 



(13) 
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[0 0 6 0] 
[12] 

Campylobacter^ ^^14/ 



m 




C. jejuni 


ATCC 33291 


G jejuni 


ATCC 33292 


O. jejuni 


ATCC 49349 


G jejuni 


ATCC 29428 


G jejuni 


ATCC 33560 


G jejuni 


ATCC 49943 


G. jejuni 


T-401 


G jejuni 


T-402 


G jejuni 


T-403 


G jejuni 


T-404 


G jejuni. 


T-405 


G jejuni 


T-407 


G jejuni 


T-408 


G jejuni 


T-410 


G jejuni 


T-411 


G jqjuni 


T-413 


G cofi 


ATCC 43474 


G cofi 


ATCC 33559 


G cofi 


ATCC 49941 


G cofi 


ATCC 43472 


G cofi 


ATCC 43473 


G cofi 


ATCC 43475 


G cofi 


ATCC 43476 


G cofi 


ATCC 43477 


G. cofi 


ATCC 43479 


G cofi 


ATCC 43481 


G cofi 


ATCC 43482 


G cofi 


ATCC 43483 


G cofi 


ATCC 43484 


G. cofi 


ATCC 43486 


G cofi 


ATCC 43489 


G cofi 


ATCC 43499 


G. cofi 


T-449 


G cofi 


T-834 



[0 06 1 ] $14 

M&lt&WMLtzo C.yiV2- (C. jejuni) ts&Xf 
C. u'J (C. coii) &Lft<D±mts B.m$>tz*>)lQ7?S A 
ll^ilf:, K»Lfc20«<D±tt±T-ei*ttCOjg* 
**»&*lfc (S3) o ■£X<Dm-£{z&l^T. 1O4z3t°™0 
Cvxvaz (C. jejuni) mmM% frlfcty}^ izm Wfr 

[0 0 6 2] 
[13] 
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Campylobacter® SSMSfS/ ^-JU 



m 

Actinomyces israelii 
Arcobacter butzleri 
Bacteroides ureofyticus 
Campylobacter lari 
Candida albicans 
Citrobacter freundii 
Enterobacter cloacae 
Enterococcus faecafis 
Escherichia coil 
Escherichia 
Helicobacter pylori 
Klebsiella pneumoniae 
Proteus mirabilis 
Salmonella typhimurium 
Shigella sonnei 
Staphylococcus aureus 
Streptococcus bovis 
Streptococcus pyogenes 
Vibrio cholerae 
Yersinia enterocolitlca 



JfiL«SH 



subs p. pneumoniae 



subsp, aureus 
Biotype eltor 



ATCC 10049 
ATCC 4961 6 
ATCC 33387 
ATCC 43675 
ATCC 44808 
ATCC 8090 
ATCC 13047 
ATCC 29212 
T-4025 
T-3785 
ATCC 43526 
ATCC 13883 
ATCC 29906 
ATCC 13311 
ATCC 29029 
ATCC 12598 
ATCC 9809 
ATCC 19615 
ATCC 14035 
ATCC 9610 



[0 0 6 3] 01J5 

Tl^o R. G. Sosnowskib. 1997. Proc. Natl. Acad. 
Sci. USA 94: 119-123) m^u — y\ T>^'J=3> 

Tt^&jfefrSffifflLfc (R. G. Sosnowskibs 1997. Pro 
c. Natl. Acad. Sci. USA 94: 119-123; C. F. Edman 
6. 1997. Nuci. Acids Res. 25: 4907-4914) 0 ^<f^ 

t\z % 7e5>mt4, mmzmm-t&t. mm? 

frG6±i^A (/\V^-^^K (Biorad) % i3U7t^-7 
#i^;i^;ux) ■E25J'|Blxbf> (spin) £-t±£?b\ 



te^U^x^U— h CM i II i pore) s v 

B*|BJJ3Lt»K*«. B«LfcK»*100 mMtX 

v > i: 1 : 1 CD it T??S* L . 95°C (c fe I ^ 5#M £a t£ L T 

t'J^^l/t^K (^ffi^P — :?) §6xSSC(c»fti 
U fiaT?30#M/W^U^-lf-«v3>*1i-4o *^ 
T:\ 7^50. 1 xSTE/1%SDST?JSfe*L. xSTET?ft 

[0 0 6 4] *SBWI*l*< ofr<D*{*«£m^CEttS 

saatt-s-*ci:35:<ssiifi-r4-i:3&<-e#-So %%m<Dm* 



SEQUENCE LISTING 

<:110>: McMi I i ian. Ray A. 
Fort, Thomas L 
Hel Iyer, Tobin J. 
You, Qimin 

<;120>: Amplification and Detection of Campylobacter jejuni and 
Campy I obacter col i. 



<:130> 
<:140> 
<:141> 



C. jejuni and C. coli Application 

JP P2000-1 10098 

J2000-04-12 



<;150> 
< ; 1 51 > 
<:160> 



US 09/289, 747 

1999-04-12 

10 



(15) 



nm 2000-316590 



<;170>; Patent In Ver. 2.0 
<;210>; 1 
<;211>; 40 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Description of Artificial Sequence:Pr imer for SDA 

of C. jejuni and C. col i 
<;400>; 1 

cgattccgct ccagacttct cgggcaggat ggttttggtt 40 
<;210>; 2 
<;211>; 39 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Description of Artificial Sequence :Pr imer for SDA 

of - C. je juni and C. col i 
<;400>; 2 

cgattccgct ccagacttct" cgggcaggat ggttttggt 39 
<;210>; 3 
<;211>; 38 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Description of Artificial Sequence:Pr imer for SDA 

of C. jejun i and C. col i 
<;400>; 3 

cgattccgct ccagacttct cgggcaggat ggttttgg 38 
<;210>; 4 
<;211>; 42 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Description of Artificial Sequence :Pr imer for SDA 

of C. jejuni and C. col i 
<;400>: 4 

accgcatcga atgcatgtct cggggaagta cctacaaatt ct 42 
<;210>; 5 
<;211>; 41 
<;212>; DNA 

<;213>: Artificial Sequence 
<:220>; 

<;223>; Description of Artificial Sequence :Pr imer for SDA 

of C. jejuni and C. col i 
<;400>: 5 

accgcatcga atgcatgtct cgggaagtac ctacaaattc t 41 
<;210>: 6 
<;211>; 40 
<;212>; DNA 

<;213>; Artificial Sequence 



(16) 
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<;220>; 

<;223>; Description of Artificial Sequence: Pr imer for SDA 

of C. je jun i and C. co! i 
<;400>; 6 

accgcatcga atgcatgtct cgggagtacc tacaaattct 



40 



<;210> 
<;211> 
<;212> 
<;213> 
<;220> 
<;223> 



7 

16 
DNA 

Artificial Sequence 

Description of Artificial Sequence: Bumper for SDA 
for C. jejuni and C. col i 



<:400>; 7 
acaggagttt ttggtt 
<;210>; 8 
15 
DNA 

Art if icia i 



16 



< ; 21 1 > 
<;212> 
<;213> 
<;220> 
<;223> 



Sequence 



Description of Artificial Sequence: Bumper for SDA 
for G. jejuni and C. col i 
<;400>; 8 
aataggtgta gctgc 
<;210>; 9 
<;211>; 17 
<;212>; DNA 

<;213>; Artificial Sequence 

<;220>; 

<:223>: Description of Artificial Sequence :Detector Probe 

for SDA for C. jejuni and C. col i 
<;400>; 9 

ggttagttta taatact 
<:210>: 10 
<:211>: 19 
<;212>: DNA 

<;213>: Artificial Sequence 
<;220>; 

<;223>; Description of Artificial Sequence : Detector Probe 

for SDA for C. jejuni and C. coli 
<;400>: 10 

ctagtttttg atttttagt 



15 



17 



19 
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'Jy^-P— K 987 
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